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O R I G I N A L  A R T I C L E S
INCIDENCE AND MANAGEMENT OF TUBERCULOUS STRICTURES 
OF THE URINARY TRACT*1
G. L. GALE, M.B., F.R.C.S.(Edin.) and W. K. KERR, M.D., F.R.C.S.fC], Toronto
In a previous communication1 the authors 
discussed the prognosis of genitourinary 
tuberculosis in a series of 818 patients fol­
lowed up to a maximum of 35 years. They 
pointed out the serious and often insuper­
able problems encountered as a result of 
the fibrosis and contracture associated with 
the healing process. These mechanioal se­
quelae of healing tuberculous infection of 
the urinary tract constituted an area of 
treatment failure in the otherwise excellent prognosis of genitourinary tuberculosis 
treated by adequate chemotherapy.
The present communication is a survey 
of tuberculous strictures of the urinary tract in 943 patients with genitourinary tuber­
culosis (630 male and 313 female) treated 
at The Toronto Hospital for Tuberculosis 
in the 31-year period, 1932-1962. All cases 
were proved to be tuberculous, the ma­
jority bacteriologically by culture or 
guinea-pig inoculation and the remainder 
at operation or autopsy. In 149 cases there 
was inadequate information for the pur­pose of this study, leaving 794 cases for analysis.
Incidence of Genitourinary
Tuberculosis
In this sanatorium there has been no re­
duction to date in the number of new cases 
of genitourinary tuberculosis admitted year 
by year in spite of the decreasing incidence 
of other forms of the disease such as ortho­
pedic tuberculosis (Fig. 1). It may be that 
we are still admitting patients who con­
tracted their original tuberculous infec­
tion before the chemotherapeutic era, and 
who therefore never had the benefit of chemotherapy early in their illness and who are only now manifesting the renal 
infection which started at that time. It is 
well recognized that renal tuberculosis may lie dormant for many years or only very
°From The Toronto Hospital for Tuberculosis, Weston, Ont.
slowly progress to a clinically apparent 
stage. This observation was confirmed by 
a recent long-term follow-up1 of Harris’ 
cases, which he reported in 1929,2 and 
of a similar group from this sanatorium. 
Without chemotherapy or nephrectomy, 
32% of his 82 patients were alive and 
well 20 to 35 years later, only one patient 
being lost to follow-up study.
YEAR
Fig L—New cases of genitourinary and ortho­pedic tuberculosis admitted annually to the Tor­onto Hospital for Tuberculosis.
While this is generally true of genitour­
inary tuberculosis, the whole picture is 
altered if a patient is unfortunate enough 
to develop a stricture in the urinary tract, for the prognosis is at once gravely af­
fected. This is the problem that this paper 
attempts to analyze.
It is interesting to note the racial inci­
dence of genitourinary tuberculosis in this province, where it is predominantly a dis­
ease of foreign-born Canadians. The 1961 census showed that 22% of the residents in Ontario were foreign born. In 1962, 
37 % of all new cases of tuberculosis in the province occurred in foreign-born resi­dents, while the proportion rose to 60%
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of the new eases of genitourinary tubercu­
losis,3 of whom the largest racial group in 
this sanatorium was Italian. Here also it is 
safe to assume that these “new” Canadians 
contracted their original tuberculosis be­
fore coming to Canada, and that the renal 
lesion only became manifest at a later date. 
Many Southern European countries still 
have a higher overall incidence of tuber­
culosis than Canada. However, long-term 
chemotherapy, including isoniazid as one 
of the drugs, has been standard treatment 
for the past 11 years and one would ex­
pect the incidence of genitourinary tuber­
culosis to fall in the next few years.
S it e  of T uberculo us Strictu res
1. Intrarenal Stricture
The pathology of the progressive renal 
lesion will be the subject of a future com­
munication and will not be discussed here. 
One feature of the healing of the intra­
renal tuberculous lesion, though not very 
common, has however proved to be of 
considerable interest and clinical impor­
tance. Situated for instance in the upper 
half of a kidney, fibrosis may result in 
pulling up of the lower calyces and dis­
tortion of the renal pelvis. Progressive caly- 
ectasis of the lower calyces occurs and the 
kidney may be lost—the upper half from 
tuberculosis and the otherwise normal low­
er half from obstruction to its drainage. 
This condition requires surgical correction.
In this series of 794 patients, 19 (2 .4% ) 
had intrarenal stricture of sufficient de­
gree to obstruct the drainage of urine and 
eight of these 19 patients had a hemi- 
nephrectomy.
2. Ureteropelvic Stricture
This is not a common site of tuberculous 
stricture formation and only 23 instances 
were noted (2.9%  ). In one patient the ob­
struction was relieved by exploration and 
the ureter was dissected free of periureteral 
fibrosis. Certain other cases were treated by 
endoscopic dilatation (see below).
3. Ureteral Stricture
Strictures along the course of the ureter 
are most commonly found near the lower
TABLE I . —I n c id en ce  o f  t h e  M a in  S ites  of 
T u bercu lo u s  Str ic t u r e s  o f  t h e  U r in a r y  T r a c t  
w it h  T h e ir  R e l a t io n  to  C h e m o th e r a py
Uretero­
vesical
Ureter junction Bladder
%  % %
No chemotherapy.. . .  20 19 21
Inadequate
chemotherapy........  12 21 12
Adequate
chemotherapy........  16 24 6
end where the ureter crosses the brim of 
the pelvis at the common iliac artery and 
where presumably debris may be held up. 
In a number of instances a ureteral stric­
ture has developed after normal initial 
pyelograms, while the patient is under 
treatment, but more commonly a stricture 
is present when the disease is first diag­
nosed, indicating that these cases are not 
being recognized early enough. If mucosal 
ulceration develops, stricture formation is 
probably inevitable in a tube as narrow as 
the ureter. Table I indicates that little 
change in the incidence of ureteral stric­
ture has occurred since the advent of 
chemotherapy, but this is understandable 
since in most instances the stricture is pres­
ent before chemotherapy is instituted. We 
have occasionally noted that ureteral ob­
struction will apparently resolve spontane­
ously with the re-establishment of adequate 
drainage, and it is assumed that the ob­
struction in these cases is due to debris 
held up by transient edema of the mu­
cosa.
4. Ureterovesical Stricture
This is the commonest site of obstruction 
in the whole urinary tract (Table I) be­
cause of the narrow diameter of the intra­
mural portion of the ureter. At cystoscopy, 
bullous edema may be seen around the 
ureteral orifice, and this may persist for 
many months in spite of adequate chemo­
therapy. Later, contracture leads to the 
classical “golf-hole” orifice. If the stricture 
becomes complete, as it does in many in­
stances, then a non-functioning kidney re­
sults. This might prove to be disastrous in 
bilateral cases, but before the chemothera­
peutic era it was often a blessing in dis-
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guise in unilateral disease, for this effec­
tively blocked the discharge of tubercle 
bacilli into the bladder, and tuberculous 
cystitis, in contrast to renal tuberculosis, 
has a remarkable tendency to heal spon­
taneously if the source of the infection is 
removed. Such kidneys went on to “auto­
nephrectomy” .
5. Tuberculous Vesical Contracture
This is a relatively late manifestation of 
genitourinary tuberculosis, although tuber­
culous cystitis may often be the presenting 
symptom. Table I shows a decreased inci­
dence of vesical contracture with chemo­
therapy, which is probably significant and 
to be expected. What is surprising is the 
number of cases of tuberculous cystitis 
which healed satisfactorily before chemo­
therapy and without any significant degree 
of vesical contracture (Table II).
Minor degrees of vesical contracture are 
of little importance. A severe vesical con­
tracture, however, causes grave problems. 
Not only is there the social handicap of a 
bladder of inadequate size and impossible 
of distension, but there is the risk of ure­
teral reflux and progressive hydronephro­
sis.
6. Urethral Stricture
There were 10 instances of tuberculous 
urethral stricture (1 .1% ) in the male pa­
tients, and all were the result of tubercul­
ous prostatitis and seminal vesiculitis with 
periurethral tuberculous abscesses and dis­
charging perineal sinuses. These strictures 
responded to dilatation.
Clinical Features
The patient with pulmonary tuberculosis 
will seek advice early because of the ap­
pearance of purulent sputum or hemopty­
sis. The patient with orthopedic tubercul­
osis typically will have progressive and 
often severe pain. But it is characteristic 
of renal tuberculosis that a kidney may be 
destroyed without the occurrence of any 
local or referred pain or indeed without 
any alarming symptoms to attract the pa­
tient’s attention.
The presenting symptoms when they 
occur are commonly hematuria, cystitis and
TABLE II.— D e v e l o pm e n t  o p  V e s ic a l  C o n tr a c ­
t u r e  F ollow ing  T u b e r c u l o u s  C y s t it is
No. of No. of 
patients patients 
with who develop- 
tuberculous ed vesical Per- 
cystitis contracture centage
No chemotherapy.. 177 56 32
Inadequate
chemotherapy... 87 22 25
Adequate
chemotherapy... 142 20 14
ureteral colic, and the latter may be caused 
by the passage of blood clots or calcareous 
fragments down the ureter, or by the de­
velopment of a stricture.
Strictures may develop rapidly even after 
chemotherapy has commenced, and may 
require urgent treatment. This is one of 
the strongest arguments for the admission 
to hospital of patients with genitourinary 
tuberculosis during the early months until 
the danger period has passed. Frequent 
excretory pyelograms may be required with 
appropriate measures to overcome the stric­
ture (see below). The subsidence o f pain 
may indicate relief of obstruction or on the 
other hand cessation of renal function. 
Edema in the course of a ureter or at the 
ureterovesical junction may take several 
months to subside even with adequate 
chemotherapy.
The development of vesical contracture 
is indicated by the persistence of urinary 
frequency after the acute inflammatory 
phase has passed. A cystogram demon­
strates a small rounded bladder which is 
indistensible and which may show ureteral 
reflux with progressive hydroureter and 
hydronephrosis.
Treatment
The treatment of tuberculous strictures 
of the urinary tract is discussed under the 
three headings of chemotherapy, nephrec­
tomy and reconstructive procedures.
1. Chemotherapy
The first 360 patients in this series who 
were under treatment between 1932 and
1947 received no chemotherapy. Between
1948 and 1952, 211 patients received 
chemotherapy, inadequate by modern 
standards. Since 1952, 372 patients have re-
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TABLE I I I .— I n f l u e n c e  of L en gth  o f  C hem o ­
t h e r a p y  U pon  P r o g n o sis  in  389 C ases  o f  G e n it o ­
u r in a r y  T u b e r c u l o sis  F ollow ed  U p to  10 Y e a r s *
Died from
Length of No. of renal
chemotherapy patients Relapsed tuberculosis
Under six months. . 175 22% 11%
Six to 12 months.. . 51 8%  0
Over 12 m onths... . 163 1%  0
*No patient who received over six months of 
chemotherapy died of renal tuberculosis, though 
the relapse rate of inadequately treated cases is high.
ceived adequate chemotherapy, that is, at 
least two antituberculosis drugs for more 
than one year. The standard regimen for 
all patients is streptomycin 1 g. twice a 
week with para-aminosalicylic acid (PAS) 
14 g. and isoniazid (INH) 300 mg. daily for 
1% to 2 years. Certain patients should take 
chemotherapy indefinitely. Streptomycin 
may be discontinued after four to six 
months if at least two other drugs are taken 
concurrently for the remainder of the pre­
scribed course. This ideal regimen has 
sometimes to be adjusted in some patients 
because of toxic or allergic reactions to par­
ticular drugs, or when sensitivity studies 
show bacterial resistance to one or more 
of these prime drugs. Other drugs may then 
be substituted, such as pyrazinamide 40 
mg./kg. body weight daily, or cycloserine 
250 mg. twice or three times daily, or ethi­
onamide 1 g. daily by mouth or by supposi­
tory, but the total length of chemotherapy 
remains unchanged. We have found vio- 
mycin disappointing and have not used 
kanamycin because of the serious risk of 
permanent deafness. The length of stay in 
the sanatorium has been reduced to an 
average of three to four months in most 
cases with the remainder of the chemo­
therapy taken at home and back at work. 
There are real doubts, however, as to 
whether chemotherapy is taken conscien­
tiously at home no matter how carefully 
the follow-up is pursued.
The importance of long-term chemother­
apy was well demonstrated in an earlier 
publication1 and is shown again in Table 
III. In this particular follow-up study it 
will be noted that the relapse rate in the 
first patients who received long-term 
chemotherapy was only 1% and no deaths
occurred in this group from renal tuber­
culosis itself.
What difference has chemotherapy made 
in the basic pathological process? Is there 
a qualitative difference or has chemother­
apy simply speeded up and completed what 
was—in the urinary tract—at best a very 
slow and uncertain process of resolution? 
Medlar,1 referring to tuberculosis of the 
lung, stated on many occasions that, in his 
opinion, chemotherapy has simply speeded 
up resolution of the non-necrotic compon­
ent of the tuberculous disease and pre­
vented the occurrence of further necrosis, 
but that once histologic tubercles have be­
gun to heal by scar tissue this process 
cannot be abolished. Auerbach5 has main­
tained, however, that chemotherapy has 
not only speeded up resolution of the 
focus but has altered the histological pic­
ture. Borthwick and Dick8'8 suggested that 
the administration of streptomycin tended 
to increase the formation of fibrous tissue 
in the healing of urinary tract tuberculosis 
and that stricture formation was more com­
mon in patients who included this drug in 
their regimen. In an attempt to confirm 
this, 25 consecutive patients in this sana­
torium were treated with long-term ( IV2 to 
2 years) chemotherapy using two or three 
drugs simultaneously but omitting strepto­
mycin. In this group of 25 patients, 13 de­
veloped strictures, of whom 10 required 
nephrectomy. This series is small and the 
patients were not randomized but it ap­
peared that stricture formation was not 
reduced by excluding streptomycin, and 
since that time streptomycin has been 
again included in the basic drug regimen.
2. Nephrectomy
There has been little change in the ne­
phrectomy rate which reflects the advanced 
stage of the disease in so many patients 
when first diagnosed. In 943 cases, 37% 
of the patients had nephrectomy either 
before or subsequent to admission to sana­
torium. In 684 cases in which the extent 
of renal involvement could be assessed ac­
curately, 39% were bilateral and 61% ap­
parently unilateral. Chemotheraoy exerted 
little effect upon these latter figures be­
cause the extent of renal involvement had
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TABLE IV.— N eph r ec to m y  in  R e n a l  T u b e r c u ­
l o sis . E x ten t  o f  R en a l  D isea se  P r e s e n t  in  t h e  
R e se c t e d  K id n ey  in  342 N e p h r e c t o m ie s . I n t h e  
L ast  G r o u p  R e c e iv in g  A d eq u ate  C h e m o t h e r a p y , 
69%  h ad  St r ic tu r es
M inim alrenal Moderately Far disease advanced advanced
No chemotherapy 17 59 46Inadequatechemotherapy. 13 35 37Adequatechemotherapy . 5  58 72
already been determined by the time the 
diagnosis had been established. Table IV 
shows the extent of renal disease in the 
kidneys resected. “Minimal” disease means 
tuberculous baeilluria but either no pyelo- 
graphic changes or only slight calyceal 
irregularity without evidence of caseation 
or cavitation. “Moderately advanced” dis­
ease means cases where one or two frank 
cavities or caseous areas can be demon­
strated. “Far advanced” disease means 
widespread destruction or autonephrec­
tomy.
Nephrectomy is undertaken under two 
conditions: where an advanced stage of 
destruction of the kidney is present, so that 
even if eventual healing occurred very little 
useful and functioning renal parenchyma 
would remain; and where serious mechani­
cal obstruction to the drainage of urine 
has occurred which cannot be satisfactorily 
corrected. It will be realized in Table IV 
that the nephrectomies undertaken with 
only minimal or moderately advanced 
renal disease in patients receiving adequate 
chemotherapy were necessitated not by the 
extent of renal destruction but because of 
associated strictures. Strictures were pres­
ent in 69% of all the nephrectomies in pa­
tients receiving adequate chemotherapy, 
and this is more and more the determining 
factor when deciding whether a kidney can 
be salvaged.
3. Reconstructive Procedures
W ithout chemotherapy, few reconstruc­
tive procedures would be likely to succeed 
or were, indeed, even attempted. During 
the period 1932-1947, four patients had a 
cutaneous ureterostomy and one a ureteral 
transplant into the bowel, but all have 
died. With some (but still inadequate)
chemotherapy between 1948-1952, cutane­
ous ureterostomies were carried out on 
three patients, two of whom are known to 
be dead and one is presumed dead. One 
nephrostomy was also performed as a des­
perate bu t unsuccessful maneuver in ter­
minal uremia, and one ureteral transplant 
was made into the sigmoid colon. This 
latter patient was in good health when last 
contacted 11 years later. With adequate 
long-term chemotherapy, however, the fol­
lowing reconstructive procedures have 
been used successfully:
(i) Heminephrectomy. — Eight patients 
have had a heminephrectomy performed, 
all of them successful. In each case, the 
indication was to preserve an apparently 
healthy half-kidney by removing the dis­
eased half and liberating an obstructed 
renal pelvis drawn up by contracture of 
scar tissue. The procedure is carried out 
under local hypothermia which provides 
adequate time for a careful dissection of 
the renal vessels in a bloodless field with 
the renal artery clamped.
Case Repo rt .— G.J.C., a 27-year-old white 
man, was admitted to this sanatorium on April 28, 1960, with inactive tuberculosis of the spine, which had been fused in 1940, and bi­lateral active renal tuberculosis and tubercu­lous epididymitis. Fig. 2 shows the radiograph­ic appearance of the left kidney with the distor­tion due to intrarenal scarring. On January 3, 1961, a left upper heminephrectomy was per­
formed under local hypothermia. Fig. 3 shows the postoperative excretory pyelogram and the 
greatly improved drainage from the calyces in the remaining lower half of this kidney. This improvement has been maintained in the suc­ceeding 2/2 years.
(ii) Endoscopic dilatation of ureter.— 
Theoretically, such a simple procedure 
should solve many problems arising from 
ureteral strictures bu t in actual practice it 
is not always easy to accomplish. In the 
acute stage of tuberculous ulceration of 
the intramural portion of the ureter, sur­
rounding bullous edema of the bladder 
mucosa not only hides the ureteral orifice 
but such an area is easily traumatized and 
obscures the field of vision with bleeding. 
In the later stages, fibrous stenosis of the
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Fig. 2.—G.J.C. Retrograde pyelogram of the 
left kidney June 14, 1960, before heminephrec- 
tomy, showing the left lower infundibulum drawn 
up by scar tissue and surrounded by caseous 
tuberculous abscesses.
ureter may be completely impassable to any 
kind of ureteral catheter either through 
the cystoscope or more directly through the 
panendoscope. Once a catheter has been 
passed, final success is assured, and over a 
couple of months the ureter is dilated up 
to a Size 9 or 10 ureteral catheter. Early 
dilatations are carried out under general 
anesthesia. It is sometimes wise to leave 
the ureteral catheter in place for 24 hours. 
Periodic excretory pyelograms should be 
performed in succeeding months, limiting 
exposure to a single plate such as a 15- 
minute upright film with the pressure re­
moved. Occasional ureteral dilatations may 
be required subsequently, although there 
does not seem to be any tendency for a 
ureteral stricture to recur once the tuber­
culosis has become inactive and the stric­
ture has been fully dilated.
In 11 patients it was impossible to dilate 
the ureteral stricture, and eight of these 
underwent nephrectomy while the other
Fig. 3.—G.J.C. Intravenous pyelogram (15- 
minute film) February 5, 1962, showing the left 
kidney after left upper heminephrectomy. The 
caseous abscesses have been excised and the lower 
infundibulum released from scar tissue.
three patients were successfully treated by 
reimplantation of the ureter into the blad­
der. In 14 patients, ureteral strictures were 
successfully dilated endoscopically.
Case Report.— L.R.E., a 27-year-old white 
man, was admitted to this sanatorium on Sep­
tember 5, 1961, with minimal active pulmon­
ary tuberculosis and right renal tuberculosis. A 
stricture was present at the right ureterovesi­
cal junction with marked hydroureter and 
calyectasis. This stricture was dilated by stages 
up to a No. 8 catheter with relief of obstruc­
tion which has not recurred (Figs. 4 and 5 ).
(iii) Operative repair of stenosed ureter. 
—When an impassable stricture exists at 
the ureterovesical junction, it may be 
handled relatively simply by excision of 
the stricture and reimplantation of the 
proximal end of the ureter into the blad­
der. This has been carried out on three
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Fig. 4.—L.R.E. Retrograde pyelogram October 
24, 1961, showing a stricture of the right uretero­
vesical junction with hydroureter and calyectasis.
occasions, all of them successful. The su­
ture line may be protected by a nephros­
tomy, as well as by an indwelling bladder 
catheter.
C ase R e p o r t .—W.L., a 31-year-old white 
man, was admitted to this sanatorium on April 
8, 1958, with minimal inactive pulmonary 
tuberculosis and active tuberculosis of the left 
kidney. At cytoscopy a “golf-hole” orifice was 
present on the left side, which was impass­
able, and progressive left hydroureter and 
hydronephrosis developed. On December 9, 
1958, the left ureter was reimplanted into the 
bladder using Ledbetter’s technique with a 
temporary nephrostomy. An excellent func­
tional result followed (Figs. 6 and 7).
This procedure will only be successful 
in the case of short stricture close to the 
bladder. W e have not attempted ileal con­
duits for tuberculous strictures of the ure­
ter, but have tried open reconstruction of 
a ureter around a supporting tube and
Fig. 5.—L.R.E. Intravenous pyelogram (upright 
film) January 22, 1962, showing excellent drain­
age from the right kidney following endoscopic 
dilatation of the ureterovesical stricture.
open intubation of a stenosed ureter. 
Neither of these latter procedures proved 
successful and in both cases the end result 
was nephrectomy.
(iv) Ileocystoplasty an d  colocystop lm ty . 
—This has been carried out upon 10 pa­
tients who developed severe vesical con­
tracture after healing of tuberculous cysti­
tis. Mere frequency of urination is not in 
itself an indication for this major opera­
tion, but if ureteral reflux is present with 
progressive hydronephrosis, particularly in 
a solitary kidney, urgent reconstructive 
surgery is called for. A colocystoplasty 
using a length of sigmoid colon has proved 
more successful in producing a normal- 
shaped bladder with better and more com­
plete emptying and less chance of electro­
lyte imbalance than an ileocystoplasty. All 
10 patients have had a satisfactory result.
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Fig. 6.—W.L. Intravenous pyelogram (upright 
film) May 12, 1958, showing left hydroureter and 
calyectasis from an impassable stricture of the 
left ureterovesical junction.
Case Report.— V.S., a 32-year-old Japan­
ese man, was admitted to this sanatorium on 
March 1, 1960, with inactive pulmonary tuber­
culosis and active tuberculosis of the left kid­
ney and bladder and both epididymides. The 
left ureter was stenosed and impassable and 
a left nephrectomy was performed. He de­
veloped a post-tuberculous vesical contracture 
with a day frequency of every half-hour and 
a night frequency of six to seven times. On 
October 18, 1960, a colocystoplasty was per­
formed using 20 cm. of sigmoid colon. An ex­
cellent result has been obtained and the re­
maining right kidney has been protected from 
the hazard of hydronephrosis (Figs. 8 and 9 ).
Prognosis
Before chemotherapy becam e available, 
over 5 0 %  of patients with genitourinary 
tuberculosis died within 10 years of the 
onset of their disease, and 27%  of these 
deaths w ere due to renal tuberculosis.1 
This gloomy picture has been changed
Fig. 7.—W.L. Intravenous pyelogram (upright 
film) October 22, 1962, nearly four years after 
reimplantation of the left ureter into the bladder, 
with excellent functional result.
Fig. 8.—V.S. Cystogram March 14, 1960, show­
ing contracted, indistensible bladder from post- 
tuberculous scarring.
►  |
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Fig. 9.—V.S. Cystogram January 31, 1961, after 
colocystoplasty, showing distensible bladder and 
no ureteral reflux.
completely. The prognosis is now excellent. 
The relapse rate of adequately treated 
cases is now only 1 % over a 10-year peri­
od and in this group we have had only 
one death which could be attributed to 
renal tuberculosis — an operative death 
which occurred recently at the time of 
nephrectomy. These phenomenal gains are 
largely due to chemotherapy but recon­
structive surgery of tuberculous strictures 
of the urinary tract also plays an impor­
tant part.
Su m m a r y
This paper presents a survey of tuber­
culous strictures of the urinary tract in 943 
proved cases of genitourinary tuberculosis 
treated in The Toronto Hospital for Tuber­
culosis, Weston, Ontario, between 1932 and 
1962. Three hundred and sixty patients re­
ceived no chemotherapy, 211 inadequate 
chemotherapy and 372 adequate chemo­
therapy. In this series, sufficient informa­
tion for the purpose of this study was 
available concerning the presence of stric­
tures in 794 patients.
The various sites of tuberculous strictures 
and their incidence and management have 
been described. The introduction of chemo­
therapy has so far had little influence on 
the development of these strictures with 
the one exception of vesical contracture.
The reconstructive procedures used by 
us are described. Surgery combined with 
adequate chemotherapy now result in an 
excellent prognosis for genitourinary tuber­
culosis.
The authors wish to thank Dr. C. A. Wicks, 
Medical Superintendent, The Toronto Hospital for 
Tuberculosis, for his helpful advice and permis­
sion to publish these cases. They also wish to 
thank Dr. H. J. Barrie for the photographs and 
many valuable suggestions. Tribute should also 
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Urological Department in this sanatorium in 1930 
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R e s u m e :
Cet article est une etude statistique portant sur 
943 malades (630 hommes et 313 femmes) atteints 
de retrecissements du tractus urogenital d ’origine 
tuberculeuse. Tous ces malades ont ete traites 
entre 1932 et 1962 au “Toronto Hospital for 
Tuberculosis” . Cent quarante-neuf de ces cas 
avaient un diagnostic insuffisamment confirme et 
furent rejetes de cette serie. La premiere con- 
statation qui pent etre faite, est que l’incidence 
de cette forme de tuberculose demeure constante, 
bien que les autres formes soient en diminution. 
Ceci est du a l’apparition relativement recente des 
antibiotiques, et au fait qu’une tuberculose renale 
peut rester asymptomatique pendant un temps 
ties long. La maladie semble frapper plus forte- 
ment les etrangers ou les Canadiens nes a l’etran- 
ger. Les sieges des retrecissements qui ont ete 
observes sont les suivants: intrarenaux (2.4%), dans 
le bassinet (2.9%), le long de l’uretere et au 
niveau de l’abouchement ureteral, vesicaux et 
uretraux (1.1%). Les symptomes le plus frequents 
sont l’hematurie, la cystite et les coliques ure- 
terales. Ces retrecisements peuvent progresser 
ties rapidement, meme apres 1 instauration  ^du 
traitement antibiotique. Du point de vue thera- 
peutique, il est necessaire que ces malades soient
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hospitalises et qu’ils soient soumis a des pyelo- grammes frequents: c’est la seule fagon de suivre le developpement de la maladie et de prendre les mesures adequates. En regie generate, les anti- biotiques devront etre donnes en combinaison: streptomycine plus PAS et isoniazid; apres quatre a six mois, la streptomycine pourra etre discon­tinues, mais les autres drogues devront etre con- tinuees. Les cas d’intolerance recevront des sub- stituts: cycloserone, pyrazinamine, etc. La nephrec- tomie trouve son indication lorsque la destruction
de 1’organe est suffisamment forte pour predire que, meme en cas de guerison, le residu sera sans valeur. Les techniques plastiques ne peuvent etre envisagees que sous couvert de la chimiothe- rapie. Divers de ces precedes sont decrits ici: dilatation de l’uretere par endoscopie, excision de retrecissements uretraux, ileocystoplastie et colocystoplastie. Ici, comme dans d’autres do- maines, les antibiotiques ont radicalement modifie la situation, de sorte que maintenant le pronostic de ces retrecissements s’est beaucoup ameliore.
SUPERIOR VENA CAVA TO PULMONARY ARTERY ANASTOMOSIS 
FOR SELECTED CONGENITAL LESIONS OF THE HEART*
COLIN C. FERGUSON, M.D., F.R.C.S.[C], F.A.C.S., GORDON R. CUMMING, M.D., 
F.R.C.P.[C] and LAWRENCE L. WHYTEHEAD, B.M., B.Ch., F.R.C.S.(Eng.),
Winnipeg, Man.
D e s p it e  the recent advances in the surgi­
cal management of many congenital cardi­
ac anomalies, there are still several lesions 
which defy anatomical correction. Included 
among these are tricuspid atresia, Ebstein’s 
malformation and some cases of pulmon­
ary atresia. In selected patients with these 
lesions, palliative improvement may be ob­
tained by means of a superior vena cava to pulmonary artery anastomosis.
In this preliminary report the experience 
gained in performing this operation upon 12 patients is reported.
T h e  O p e r a t iv e  P rocedure
Following much animal experimentation, 
Glenn and his co-workers14 in 1958 re­
ported the clinical application of a superi­
or vena cava to pulmonary artery anastom­
osis in a seven-year-old boy with a single 
ventricle, transposition of the great vessels and pulmonary stenosis.
Bakulev and Kolesnikov,6 in a series of 
41 patients with a variety of congenital 
cyanotic heart conditions, suggested that the long-term results with superior vena cava to pulmonary artery anastomoses Vere better than those obtained with a Blalock or a Pott’s procedure. A similar
“Departments of Surgery and Medicine of The Children’s Hospital, The Winnipeg General Hos­pital and The University of Manitoba, Winni­peg.
experience gained from performing the 
procedure on 25 patients has been report­ed by Young et al.6
From a surgical technical point of view, 
the Glenn procedure is a relatively easy 
operation and can be performed in a short 
time; this is a point of considerable im­
portance, since many of the patients are small infants in a distressed condition.
The surgical approach in most instances 
has been through a right anterolateral 
thoracotomy incision, entering the chest 
through the third or fourth interspace. In 
one patient satisfactory exposure was ob­
tained through a vertical sternal-splitting 
incision. After entering the chest, the right 
lung is retracted posteriorly and the right 
pulmonary artery is dissected out near the 
bifurcation. Distally, in the hilum of the 
lung, pulmonary arterial branches are en­
circled with heavy ligatures for subse­quent temporary occlusion (Fig. 1).
The superior vena cava is then dissected clean on its lateral aspect. The azygos vein 
is divided between ligatures. A purse-string suture of 2-0 silk is inserted at the junction 
of the superior vena cava with the right atrium, but is not tied until after com­pleting the anastomosis. When these dis­sections have been accomplished, the right pulmonary artery is doubly ligated proxi- 
mally near its origin. After tightening the ligatures on its distal branches, the artery
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Fig. 1. — Side-to-end superior vena cava to right pulmonary artery anastomosis. (Repro­
duced through the courtesy of the authors and the C. V. Mosby Company.7)
is divided. A partial occluding clamp is then 
applied to the lateral aspect of the superior 
vena cava. An incision is made in the 
occluded portion of the caval wall and a 
side-to-end anastomosis is then made. A 
continuous suture of 5-0 silk usually has 
been used for the posterior wall and the 
anastomosis has then been completed an­
teriorly by interrupted everting mattress 
sutures. The size of the opening, of course, 
depends upon the size of the lumen of 
the pulmonary artery, but every effort must 
be made to make the anastomosis as large 
as possible. Following release of the 
occluding distal arterial ligatures and after 
inflating the right lung, the partial occlud­
ing clamp on the vena cava is released. 
With the operating table tilted in a head- 
up position, the purse-string suture at the 
junction of the superior vena cava to the 
right atrium is tied. This diverts all su­
perior vena cava blood flow to the right 
pulmonary artery. The chest is then closed 
with intercostal catheter water-sealed drain­
age.
Postoperatively, the patients must be 
nursed in a head-up position, otherwise 
serious venous congestion may occur. Even 
after the patients have recovered from the 
operative procedure, we have found it ad­
visable for some of these children to sleep 
with the heads of their beds elevated on 
blocks for a few months.
C lin ic a l  M a ter ia l s  and R esu lts
This operation has been performed upon 
12 patients. The first procedure was car­
ried out in March 1959 (previously re­
ported by Cumming et a l. ) 7 so that a long­
term follow-up study is not as yet avail­
able.
Tricuspid Atresia
Early surgery is necessary in tricuspid 
atresia. Half of the infants fail to survive 
beyond six months of age.8
Superior vena cava to pulmonary artery 
anastomosis appears to have its greatest 
application in the management of babies 
with this cardiac abnormality. While it is 
true that these children are improved by 
a Blalock or a Pott’s procedure as reported 
by Riker and his colleagues,911 the Glenn 
procedure offers two possible advantages 
over the arterial shunts. First, the opera­
tion is easier to perform and the operative 
mortality in small infants is comparable to 
the 30% in the series of Blalock procedures 
reported by Neill.12 Secondly, the Glenn 
procedure decreases rather than increases 
the workload of the left ventricle. In the 
more common type of tricuspid atresia (i.e. 
ventricular septal defect and rudimentary 
right ventricle), the left ventricle is virtu­
ally doing all of the work of the heart. An 
aorta to pulmonary artery anastomosis in­
creases this load further, as any blood 
shunted to the lungs is directly pumped 
by the left ventricle, whereas a superior 
vena cava to pulmonary artery shunt in­
creases pulmonary flow without imposing 
an extra burden upon this ventricle.
Eight infants, aged seven days, eight 
days, IV2 months, two months, three
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Fig. 2.—Venous angiogram performed six months post- 
operatively demonstrates shunt from superior vena cava 
to right pulmonary artery.
months, five months, six months and 10 
months have had superior vena cava to 
pulmonary artery anastomoses performed 
for tricuspid atresia. All were markedly 
cyanosed and in a condition so distressed 
as to make them all extremely serious oper­
ative risks. Two of the youngest babies 
died following their operation, one be­
cause of an unsatisfactory anastomosis and 
the other because of his precarious condi­
tion.
The six surviving children are all im­
proved. The period of follow-up, however, 
is only from six months to four years. Four 
have been re-studied. Three have shunts 
with excellent function (Fig. 2 ). One, by 
radiological examination, is known to have 
a poorly functioning anastomosis, even 
though her oxygen saturation is improved 
and is now 85% .
Tricuspid Atresia and Transposition of
the Great Vessels
Two children with this lesion have also
had superior vena cava to pulmonary artery 
anastomoses performed. The first of these, 
a 6%-year-old boy, was markedly cyanosed. 
In February 1981 a superior vena cava to 
pulmonary artery anastomosis was per­
formed. Inadvertently, the azygos vein was 
not ligated and a chylothorax developed, 
complicating the postoperative recovery 
until at a second procedure the azygos 
vein was ligated. Now, 10 months after his 
operation, the child’s condition is improved, 
although a slight degree of cyanosis still 
remains.
The second child, a 2-month-old infant, 
was severely cyanosed and had to be main­
tained in an oxygen-rich atmosphere. A 
superior vena cava to pulmonary artery 
anastomosis was performed, but the infant 
succumbed owing to hemorrhage from a 
leak in the anastomosis approximately one 
hour postoperatively.
Pulmonary Atresia and a Ventricular
Septal Defect (Pseudo Truncus)
In one patient, a girl 11 years of age with 
severe cyanosis due to a “pseudo truncus”, 
the Glenn procedure was performed. There 
was a marked difference in size between 
the superior vena cava and the right pul­
monary artery. Glenn and his colleagues 
have emphasized that where the diameter 
of the right pulmonary artery is less than 
half the diameter of the superior vena 
cava, a vena cava to pulmonary artery 
shunt is not indicated but a systemic artery- 
pulmonary artery anastomosis is to be em­
ployed.13 In this patient, subsequent events 
showed that we should not have gone 
ahead with the procedure. In the immed­
iate postoperative period the child devel­
oped severe congestion of the head and 
upper extremities. The patient was returned 
to the operating room, where the ligature 
between superior vena cava and right at­
rium was released. The child failed to im­
prove and died shortly after this second 
operation.
Ebsteins Malformation
A 24-year-old man with severe cyanosis 
and clubbing was diagnosed by cardiac 
catheterization as having Ebstein’s anomaly 
in association with an atrial septal defect.
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His hemoglobin was 27 g. % and his hem­
atocrit 80%. By repeated phlebotomies this 
hematocrit was reduced to 58% before op­
eration. In September 1962, a superior vena 
cava to pulmonary artery anastomosis was 
performed. Although the follow-up on this 
patient is only one year, his condition is 
quite markedly improved and his cyanosis 
has virtually disappeared.
C onclusions
This preliminary report concerns the use 
of a superior vena cava to pulmonary ar­
tery anastomosis in a series of 12 patients. 
The conditions treated include tricuspid 
atresia, pulmonary atresia with a ventricu­
lar septal defect and Ebstein’s malforma­
tion.
All of the patients were severely cyan- 
osed and were considered extremely poor 
preoperative risks. Seven of the 10 children 
with tricuspid atresia have survived and 
are improved. One girl with pulmonary 
atresia and a ventricular septal defect died 
after operation. One man, diagnosed as 
having Ebstein’s disease with an atrial sep­
tal defect, is now improved one year after 
operation.
Since the longest period of follow-up 
study in this small series of patients is only 
four years, no definite conclusions regard­
ing the long-term prognosis can be made. 
All survivors to date, however, have been 
greatly improved and it appears that a 
superior vena cava to pulmonary artery 
anastomosis in certain congenital heart 
lesions offers a degree of palliation not 
otherwise obtainable.
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R e s u m e
Malgre les progres recents qui ont ete faits dans 
le domaine du traitement chirurgical des anoma­
lies cardiaques, un certain nombre de lesions 
restent encore un probleme. Parmi celles-ci, il 
faut mentionner le retrecissement tricuspide, la 
malformation d’Ebstein et quelques cas d’atresie 
pulmonaire. Cet article resume l’experience des 
auteurs dans des tentatives visant a corriger ana- 
tomiquement ces cas; ils ont utilise a cette fin 
line anastomose entre la veine cave superieure et 
l’artere pulmonaire ehez 12 malades. Cette opera­
tion a ete decrite pour la premiere fois par Glenn; 
elle est d’une technique relativement facile. On 
pratique une thoracotomie antero-laterale droite, 
penetrant dans la cavite par le troisieme ou le 
quatrieme espace intercostal; le poumon droit 
est ecarte vers l’arriere et l’artere pulmonaire 
droite est dissequee pres de son origine; du cote 
distal, ses branches sont encerclees avec un fort 
materiel de ligature qui permettra une occlusion 
temporaire ulterieure. La veine azygos est sec- 
tionnee entre deux ligatures. La veine cave su­
perieure est dissequee sur le cote. On prepare 
une suture en bourse a la jonction entre la veine 
cave et l’oreillette droite, sans toutefois la ser- 
rer. L ’artere pulmonaire est alors ligaturee pres 
de son origine et sectionnee; on pratique ensuite 
une anastomose latero-terminale entre les deux 
vaisseaux, la veine cave etant temporairement fer- 
mee par un clamp. Le resultat de cette interven­
tion sera de deriver tout le sang de la veine cave 
superieure dans le circuit pulmonaire. Sur les 12 
malades ainsi traites, il y a eu 10 cas d’atresie 
tricuspide, un d’atresie pulmonaire accompagnee
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de communication interventriculaire, et un cas de 
malformation d’Ebstein. L’atresie tricuspide doit 
etre traitee aussi tot que possible; laisses sans 
intervention, ces enfants meurent generalement 
avant d’avoir atteint l’age de six mois. Sur les 10 
enfants ainsi operes, il y eut deux morts (une 
anastomose non satisfaisante, une autre attribuable 
au tres mauvais etat general du patient), mais
six cas furent tres nettement ameliores. Les re- 
sultats furent egalement tres satisfaisants chez 
un homme de 24 ans, atteint d’une malformation 
d’Ebstein. Dans le cas de retrecissement pulmon- 
aire, un echec fut enregistre, du au tres petit 
calibre de l’artere pulmonaire. L’anastomose de 
Glenn provoqua ici une tres importante stase 
veineuse qui ne put etre traitee.
CARCINOMA OF THE BREAST AND PREGNANCY0
J. E. DEVITT, M.D., C.M., M.Sc., F .R .C .S.(Ed.), F.R.C.S.[C],
W. G. BEATTIE, M.D., F.R.C.S.JC], F.A.C.S. and T. G. STODDART, M.D., 
C.M., F.A.C.R., Ottawa, Ont.
U n t il  recently, carcinoma of the breast 
associated with pregnancy has been 
thought to have a particularly ominous 
prognosis.1 White’s extensive reviews2’ 3 
have indicated the justification for this. He 
noted the very poor outlook recorded be­
fore 1920, with some improvement in sur­
vival rates since, this improvement being 
most evident after 1941. Harrington,1 who 
reported that three of his 11 pregnant pa­
tients treated for breast cancer survived 
for five years, is often credited with first 
showing that the prognosis was by no 
means hopeless. Westberg5 in 1946 re­
ported one of the first large series that in­
dicated that pregnancy had no very great 
effect on the prognosis of carcinoma of the 
breast, apart from the fact that the patient 
delays in consulting the doctor and the 
doctor is inclined to postpone operation. 
More recently, Byrd et al.6 reported 29 
patients and Bunker and Peters7 68 pa­
tients with a five-year survival rate little 
different from that which would be ex­
pected in premenopausal non-pregnant pa­
tients.
M a ter ia l
This report concerns 43 patients seen 
at the Civic Hospital Division, Ottawa Clin­
ic, Ontario Cancer Foundation, between
“From the Civic Hospital Division, Ottawa Clinic, 
Ontario Cancer Foundation, and the Division of 
Surgery, Ottawa Civic Hospital.
Presented at the Eastern Ontario Regional Meet­
ing, The Royal College of Physicians and Sur­
geons of Canada, Kingston, October 1963.
1939 and 1958, in whom breast cancer was 
in some way associated with pregnancy. A 
total of approximately 1600 new breast- 
cancer patients were seen during this 20- 
year period.
O bserv a tio n s and D iscussion
Seven women were seen and treated for 
a carcinoma of the breast while pregnant 
(Table I) . Two of these women had Stage 
I lesions, three had Stage II lesions, and 
two had Stage III lesions. This is a great­
er proportion of Stage II and III lesions 
than was seen in the premenopausal non­
pregnant patients, though the numbers are 
too small to be of statistical significance. 
The trimesters in which treatment was com­
menced were evenly distributed. In the 
earlier months the pregnancy was termi­
nated, while in the later months the pa­
tients were allowed to go on to delivery. 
The type of operation was equally divided 
between simple and radical mastectomy, 
and all of the patients had postoperative 
radiotherapy.
Five of these seven patients were alive 
at five years, and three of the five women 
eligible for 10-year follow-up were alive 
and well. These results would appear to 
support the other recent reports,5'7 that the 
outlook for pregnant breast-cancer patients 
is no worse than that for non-pregnant pre­
menopausal women provided that the 
lesion is treated when it is recognized.
Twelve patients were seen who first de­
veloped a mass in the breast during a re-
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TABLE I.— Se v e n  P a t ie n t s  T r e a t e d  D u r in g  P r e g n a n c y  f o r  C a r c in o m a  o f  t h e  B r e a s t
Trimester of 
treatment
Stage 1 1
II
Stage I1 11
III
III
Stage III I
II
Management of pregnancy
Pan hysterectomy 
Therapeutic abortion 
Therapeutic abortion
Normal full-term delivery 
Normal full-term delivery 
Therapeutic abortion 
Normal full-term delivery
Treatment Result
Simple mastectomy and x-ray 
Radical mastectomy and x-ray 
Simple mastectomy and x-ray 
plus radical at 3 months 
Simple mastectomy and x-ray 
Simple mastectomy and x-ray 
Radical mastectomy and x-ray 
Radical mastectomy and x-ray
Alive at 10 years 
Alive at 10 years
Alive at 10 years 
Alive at 9 years 
Died in 5th year 
Died in 2nd year 
Died in 6t,h year
cent pregnancy, but in whom treatment 
was delayed for some months postpartum 
( Table II ). Four of these women had Stage 
I lesions; four, Stage II lesions, and four, 
Stage III lesions. These lesions were no-
of patients, though the difference is not 
statistically significant. The period of delay 
after the termination of the pregnancy in 
this group ranged from two to 15 months, 
with a mean of seven months and a median
T A B L E  II .— T w e l v e  P a t ie n t s  N o ticin g  B r e a s t  M a ss  D u r in g  P r e g n a n c y  b u t  T r e a t m e n t  D e l a y e d
Trimester
noticed Treatment Result
Stage I ..................... ...................  i Radical mastectomy and x-ray Died in 1st year
in Simple mastectomy and x-ray Alive at 6 years
Postpartum Radical mastectomy and x-ray Alive at 10 years
Postpartum Radical mastectomy and x-ray Alive at 9 years
Stage I I ..................... I Radical mastectomy and x-ray Died in 3rd year
III Radical mastectomy and x-ray Died in 5th year
Postpartum Radical mastectomy and x-ray Died in 1st year
Postpartum Radical mastectomy and x-ray Died in 2nd year
Stage IIP. ...................  Prepartum Simple mastectomy and x-ray Died in 6th year
I Radiotherapy only Died in 2nd year
I Radical mastectomy and x-ray Died in 1st year
11 Radical mastectomy and x-ray Died in 1st year
ticed in every trimester; one was present 
before the pregnancy, and four were first 
observed in the first month postpartum. 
Only four of these 12 women survived five 
years, and only one of the seven eligible 
was alive at the 10-year follow-up study. 
Thus the outlook for the patients who de­
veloped a breast mass during pregnancy, 
which was not treated until some months 
after delivery, was very poor.
Table III shows the delay between the 
first awareness of the mass and the insti­
tution of treatment in the two groups. 
Among the seven women treated during 
pregnancy, the range of the period of delay 
was from one to 24 months, the mean 
delay was 7.6 months, and the median five 
months. In the 12 women in whom treat­
ment was commenced some months after 
term, the range of the delay periods was 
from two to 84 months, the mean delay was 
16.7 months and the median seven months. 
Thus there was a longer period of delay in 
instituting treatment in the second group
of 4.5 months. The attending doctor was 
aware of the mass at some time during 
the pregnancy in seven of these patients, 
but failed to take any positive action.
Though the differences in delay are not 
statistically significant, it would appear that 
the difference in the results of treatment, 
allowing for the small numbers involved,
T A B L E  III.— D e la y  in  T r e a t m e n t  o f  P a t ie n t s  
w it h  S im u l ta n e o u s  C a n c e r  an d  P r e g n a n c y
7 patients treated during pregnancy
Range of delay periods 1-24 in os.
Mean delay.......................  7.6
Median delay....................  5.0
12 patients treated at some time after termination of 
pregnancy
Delay after 
term
Range of delay periods 2-84 mos. 2-15 mos.
Mean delay...........................  16.7 7.0
Median delay.................... 7.0 4.5
Results of treatment Alive Alive
at 5 years at 10 years
Treated during pregnancy.. . 5 of 7 3 of 5
Treated after pregnancy. . . 4 of 12 1 of 7
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T A B L E  IV .— O u t c o m e  o f  24 P a t i e n t s  w h o  S u b s e q u e n t l y  
B e c a m e  P r e g n a n t
N o . o f  p a tien ts  
surviving
N o . o f  ------------------------------
S tag e  p a t ie n ts  5  y e a r s  10 y ea rs  Y ea rs  o f  d ea th
I 16 14 9 (of 10) 1st, 5th, 7th, 22nd.
I I  8 4 2 (of 4) 1st, 2nd, 3rd, 4th , 10th.
I l l  and IV  0
could be interpreted as confirming the 
view that the former bad results of breast 
cancer associated with pregnancy were due 
to delay in treatment rather than to any 
effect of the pregnancy.3,5> 7
In only one patient was treatment com­
menced during active lactation. This 
woman had a Stage II lesion, six months 
postpartum, of which she had been aware 
for five months. She was treated by radical 
mastectomy and postoperative radiother­
apy, and died within two years. A second 
patient was seen who first noticed a breast 
mass within one month of the cessation of 
lactation. She had a Stage I lesion, but died 
four and a half years after a radical mast­
ectomy and postoperative radiotherapy.
The course of these two patients, whose 
tumours developed during lactation, fol­
lowed that described by Peters,9 who had 
no survivors among patients treated for 
cancer of the actively lactating breast. 
Though lactating patients are frequently 
grouped together with pregnant patients in 
many reports,1, 8’ 10,11 it would appear that 
breast cancer treated in the actively lactat­
ing breast still has a poor outlook.7, 9 That 
this is the result of endocrine influence is 
doubtful because Hadfield12 has shown 
that the hormone requirements of breast 
tumour mitosis resemble those that are re­
sponsible for the breast development of 
early pregnancy rather than the more com­
plex endocrinology of the lactating breast. 
Peters’ description9 of the variable behav­
iour of breast tumours during pregnancy 
and lactation indicates, perhaps, that no 
fixed behaviour pattern results from the 
hormonal changes. This might be expected 
from the variable promoting or inhibiting 
actions that estrogens exert on different 
breast cancers.
None of the 12 patients who noticed a 
mass during a recent pregnancy but in 
whom treatment was delayed are known 
to have actively lactated after the preg­
nancy, so that lactation was not the cause 
of the poor results in this group.
Twenty-four women became pregnant 
after being treated for a breast cancer 
(Table IV ). Sixteen of these had Stage I 
lesions originally and the remaining eight 
had Stage II primaries. As was expected, 
no women with Stage III or IV lesions 
subsequently became pregnant. Fourteen 
of the Stage I patients and four of the Stage 
II patients were alive at five years, for a 
crude five-year survival rate of 75%. This 
is somewhat better than the expected sur­
vival rate for premenopausal women, prob­
ably because it includes four patients who 
survived for five years before becoming 
pregnant. It is this selection of patients 
that accounts for the better survival rates, 
although Peters9 has interpreted her case 
histories as suggesting that subsequent 
pregnancies may actually exert a favourable 
influence on survival. It is after all ac­
cepted13 that previous pregnancy reduces 
the ultimate incidence of mammary cancer, 
though Westberg3 only found this effect to 
appear in patients over 50 years of age.
In Table IV, it can be seen also, that 
three deaths occurred after five years, in 
the seventh, tenth and twenty-second years 
after initial therapy. The times of the nine 
deaths in those subsequently becoming 
pregnant are really no different from what 
might be expected in any similar group of 
non-pregnant breast-cancer patients.
Pregnancy is often considered to be harm­
ful in the first few years after treatment 
for a breast cancer. Indeed in Table V, it 
can be seen that all of the deaths in this 
study occurred in patients who became 
pregnant within three years of initial ther­
apy. Four of the 10 who became pregnant 
in the first year, three of the six who be­
came pregnant in the second year, and two 
of the four who became pregnant in the 
third year, ultimately died.
However, one of these women (J R.) de­
veloped a cancer in the opposite breast in 
the sixth year after pregnancy and died in 
the seventh year, and a second patient 
(M .L.) developed a cancer in the remain­
ing breast in the thirteenth year and died 
in the eighteenth year after her pregnancy. 
It seems unreasonable to implicate the 
pregnancies in these deaths. Another
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T A B L E  V.—Y e a r  of P r e g n a n c y  a f t e r  C a n c e r  T r e a t m e n t  a n d  O utcom e
Years after 
treatment
1
2
3
45
6
No. of 
patients
10
6
4
0
13
No.
dying
4
3
2
Patient History of those dying
A.E. Lost to follow-up; returned to U.S.S.R. after diagnosis of pregnancy.R.W. Bilateral cancer treated 5 months and 1 month before pregnancy; died in 1st year.M.B. Died within 2 years of delivery.A.L. Metastases within 2 years of delivery; died within 4 years.A.C. Had skin and lymph node recurrences 2 months before preg­nancy; died in 1st year.J.R. Developed cancer in opposite breast in 6th year and died in 7th year.E.B. Died within 4 years of stillbirth at term.M.L. Developed cancer in opposite breast in 13th year and died in 18th year.O.A. Metas.tases 8 months after therapeutic abortion in 1st trimester, died in 14th month.
0
0
woman (A.C.) had developed local skin 
and lymph-node recurrences two months 
before conception and therefore should be 
considered incurable on this basis alone. A 
fourth woman (R.W.) had bilateral breast 
cancer five months and one month before 
pregnancy. She died within one year and 
it would seem reasonable to attribute her death to a highly aggressive tumour with­
out implicating the pregnancy. A fifth 
woman (A.E.) has been considered dead 
because she was lost to follow-up study. She 
was the wife of a Russian embassy official 
and returned to Moscow after the preg­
nancy was recognized. As yet the Soviet 
Ambassador has been unable to trace her. 
Thus, only four of these patients might be 
considered as having suffered a deleterious 
effect as a result of their pregnancies. Yet, 
is it surprising that four of a group of 20 
women die of their breast cancer within five 
years of initial therapy?
The apparent bad influence of pregnancy 
within a few years of treatment for mam­
mary cancer can be explained by the fact 
that women with Stage I and II primaries 
usually start to die in the third, fourth and 
fifth years. These expected deaths have 
been mistakenly related to the pregnancy 
which occurred in the first few years. The 
apparent mortality, then, of early subse­
quent pregnancy is the expected mortality 
of mammary cancer at this period of fol­
low-up and is not due to the pregnancy.
In Table VI, the management of the
subsequent pregnancies is indicated to­
gether with the eventual outcome of the 
malignant disease. The numbers of patients are too small for statistical evaluation, but 
there is no obvious correlation between the 
management of the pregnancy and the 
eventual outcome. It is interesting to ob­
serve that two patients survived two subse­
quent normal full-term pregnancies, and a 
third woman, whose breast cancer devel­
oped and was treated during a pregnancy 
for which she was aborted, subsequently 
had two normal deliveries at term, and 
two spontaneous abortions, and remains alive and well.
TA BLE  VI.— M a n a g e m e n t  o f  S u b s e q u e n t  P r e g n a n c ie s  
a n d  E v e n t u a l  O u t c o m e
N o . o f
Treatment patients Deaths
Normal full-term delivery.. 
Full-term delivery—
15 4 deaths, in 2nd, 4th, 
18th years.
stillbirth........................ 1 1 death in 4th year.
Therapeutic abortion........
Therapeutic abortion with 
subsequent bilateral 
oophorectomy and
1 1 death in 2nd year.
hysterectomy................
Bilateral oophorectomy and
2 None
hysterectomy................ 3 1 death in 1st year.
Died while pregnant......... 1
Lost to follow-up.............. 1
Many authors2’ 7’ 8 have pointed to the 
small numbers in most reported series of 
carcinoma of the breast associated with pregnancy, and the futility of attempting 
to draw statistical conclusions from them. This series is small, but it is felt that the principles suggested are reasonably sup­ported.
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One is struck, on reviewing the literature, 
with the great variety of methods of re­
porting of cases of breast cancer associ­
ated with pregnancy.4' 5' 7' 8-10' 14 Tumours 
treated during pregnancy, those treated 
during lactation, those first observed during 
pregnancy or lactation and treated at a 
later date, patients developing a breast 
cancer within one year of a pregnancy, and 
patients who become pregnant subsequent 
to treatment for breast cancer are various­
ly grouped together, probably to increase 
the number of cases being reported. Yet 
surely, these represent very different prob­
lems. Perhaps if we could agree on a 
method of reporting these cases, collective 
reviews might eventually allow agreement 
on the influence of the various aspects of 
pregnancy.
Su m m a r y  and  C o n clusion s
Seven women with a breast cancer 
treated during pregnancy had survival 
rates similar to non-pregnant premenopaus­
al women. Twelve women who first de­
veloped a mass in the breast during a 
recent pregnancy, but who were treated at 
some later time, had poor survival rates. 
The poor results were attributed to the 
delay in initiating treatment, rather than 
to the influence of the pregnancy. Two pa­
tients who developed breast cancers dur­
ing active lactation failed to survive for 
five years. Twenty-four women became 
pregnant after being treated for breast can­
cer. Such pregnancies, regardless of when 
they occurred, did not appear to effect ad­
versely the five or 10-year survival rates.
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Re s u m e
Le cancer du sein associe a la grossesse a tou- 
jours ete considere par les differents auteurs 
comme etant d’un tres mauvais pronostic. Cet 
article est une etude statistique faite sur 1600 
cas de cancers du sein traites a Ottawa entre 
1939 et 1958. Sur ce nombre, 43 cas furent 
trouves ou la maladie etait associee a la grossesse, 
d’une fagon ou d’une autre. Sept femmes etaient 
porteuses du cancer pendant leur grossesse; elles 
furent traitees par mastectomie simple ou radicale; 
il semble qu’ici, le taux de mortalite se compare 
sensiblement a celui observe chez les malades qui 
ne sont pas enceintes avant la menopause. Douze 
autre femmes furent atteintes par la neoplasie en 
cours de grossesse, et le traitement fut retarde de 
quelques mois apres l’accouchement; le taux de 
survivance fut seulement de quatre malades apres 
cinq ans, done notablement plus mauvais. Enfin, 
un groupe de 24 femmes est etudie; ces malades 
devinrent enceintes apres avoir 6td traitees pour 
cancer du sein: parmi elles, on comptait 16 lesions 
au stade I et huit lesions au stade II. Le taux 
de survivance apres cinq ans est ici de 75%, ce 
qui est meilleur que ce que Ton pourrait attendre. 
II est curieux de noter que les etudes statistiques 
de ce genre faites prealablement groupent en­
semble tous ces differents types de cancers, qui 
representent cependant des problemes differents. 
II serait souhaitable d’arriver a plus d’unite dans 
ce domaine, en vue d’obtenir des donnees plus 
valables.
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MAJOR ABDOMINAL SURGERY IN PATIENTS OVER 70 YEARS OF
AGE: AN ANALYSIS*
R. E. ROBINS, M.D., F.R.C.S.[C] and A. G. MIDDLETON, M.D., Vancouver, B.C.
T here is a steadily increasing number of 
aged persons in our population and, in re­
cent years, major surgical procedures have 
been carried out routinely on patients who 
two decades ago would have been classed 
as unsuitable for operation because of ad­
vanced age. Many surgeons now find that 
members of this geriatric group make up 
a significant proportion of their practice. 
Although the overall results of treatment of 
these elderly patients is satisfactory, pub­
lished figures indicate that there is scope 
for improvement. In this regard, two fac­
tors must be taken into consideration. First, 
the majority of these patients have pre­
existing associated disease which may be 
a major source of postoperative morbidity 
and mortality; secondly, for reasons that 
will be outlined, surgeons often are first 
asked to treat these elderly people when 
the disease state is advanced.
In order to assess our results in the 
surgical treatment of elderly patients, the 
case records of every patient of 70 years 
of age and older who underwent major 
abdominal surgery in the decade 1950 to 
1959 inclusive at Shaughnessy ( D.V.A.) 
Hospital, Vancouver, B.C., were studied. 
Minor surgical procedures, such as uncom­
plicated inguinal hernia repair, were not 
included. A careful effort was made to an­
alyze the problems arising from pre-exist­
ing associated disease, postoperative 
morbidity and mortality and the inter­
relationship of these.
Material and General Statistics
Three hundred and forty-two male pa­
tients underwent major abdominal surgery 
in the period of study; there were no fe­
male patients because essentially none are 
treated at this veterans’ hospital (Table I). 
The great majority of these patients came 
from the indigent and lower economic 
groups but the group included a good rep-
“Shaughnessy (D.V.A.) Hospital and Department 
of Surgery, University of British Columbia, Van­
couver, B.C.
resentation of men from all walks of life. 
All of these patients were at least 70 years 
of age; the average was 74.9 years. One in 
six patients was 80 years of age or older
TABLE I.—M ajo r  A b d o m in a l  S u r g e r y  1950 - 59. 
S h a u g h n e ssy  (D.V.A.) H o sp it a l , V a n c o u v e r , B.C.
M ale patients over 70 years
Total number of patients.............................  342
Average age (years)....................................... 74.9
Pre-existing associated disease..................... 85%
Postoperative complications......................... 62%
Mortality ra te ................................................  12.5%
(Fig. 1). The majority (85%) had some 
associated pre-existing disease. For the 
purposes of our study, pre-existing disease 
was that determined from an actual diag­
nosis recorded on the chart, a record of 
conclusive physical findings, or abnormal 
laboratory tests, such as abnormalities in 
an electrocardiogram or radiograph. Sixty- 
two per cent of the patients had at least 
one postoperative complication and approx­
imately one patient in five required a sec­
ond surgical procedure for treatment of 
complications. The mortality rate was 
12.5%, which is lower than that in most 
similar recorded series. The mortality rate 
for emergency procedures was 18.9% or 
twice that for elective surgery. One-third 
of the patients treated required proce­
dures of an emergency type (Fig. 2).
Fig. 1.—Age distribution.
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Gastric Biliary Colon Lapa Append- Intestinal 
and ectomy Obstr 
Misc.Proc.
Fig. 2.—Types of surgical procedure.
Pre-existing Disease and its Relationship 
to Postoperative Complications
Two hundred and eighty-nine of the 342 
patients had pre-existing associated disease 
(Table II). Approximately one-half of these
TABLE II.— P r e -e x ist in g  D ise a se  i n  
289 o f  342 P a tie n ts  (8 5 % )
Cardiovascular...................................  151 44%
Genitourinary..................................... 113 33%
Pulmonary..'......................................  82 24%
Carcinoma (unassociated).................  20 5%
Diabetes mellitus, arthritis, anemia,
Parkinson’s disease, senility........... 18 5%
patients had associated cardiovascular dis­
ease in its various forms, one-third had 
genitourinary disease, and one-quarter had 
pulmonary disease. However, the presence 
of pre-existing cardiovascular or genito­
urinary disease was not a good indicator 
of possible postoperative complications; 
the incidence of complications in patients 
with pre-existing disease was only slightly 
higher than for the group in general. 
Neither cardiovascular nor genitourinary 
complications were a major cause of post­
operative morbidity. Cardiovascular com­
plications occurred in 12% and the most 
common problems were congestive heart 
failure, cardiac arrhythmias and myocar­
dial infarction. Genitourinary complications 
occurred in 13% and were most commonly 
associated with varying types of resection 
of the colon and rectum. Acute urinary re­
tention was by far the commonest prob­
lem and the morbidity was compounded 
by urinary sepsis which frequently fol­
lowed catheterization (Table III).
TABLE III.— P o st o p e r a t iv e  M ed ica l  
t io n s  in  342 P a t ie n t s
COMPLICA-
No. of Contributed
patients to death
Cardiovascular.......... .............  42 6
Genitourinary............ .............  46 3
Pulmonary................. .............  76 17
Thrombophlebitis.. . . .............  15 5
The presence of pre-existing pulmonary 
disease, in contrast, was a definite indicator 
of possible postoperative pulmonary com­
plications. The incidence of postoperative 
pulmonary complications in patients with 
pre-existing disease was twice that of the 
entire group. Seventy-six patients (22 % ) 
had some form of pulmonary complication 
and nearly one in four of these patients 
died. A pulmonary complication was the 
primary cause of death in 11 patients. 
Pneumonia and atelectasis were the com­
monest conditions and during this period of 
study, staphylococcal pneumonia was prev­
alent in our hospital. Four patients died 
of postoperative staphylococcal pneumonia. 
In spite of modern anesthetic techniques 
and gastrointestinal suction, intratracheal 
aspiration is still a problem in the elderly, 
and in two patients, aspiration pneumonia 
resulted in early death (Table VI).
Unassociated carcinoma, excluding skin 
cancer, was present in 5% of the patients; 
in none, however, did it appear to influ­
ence significantly the postoperative course. 
Diabetes mellitus was present in 5% ; in 
only one of these patients did a postop­
erative complication occur and that was 
due to an overdosage of insulin. The other 
diseases listed in Table II were present in 
a few patients and, although giving rise to 
complications occasionally, did not signifi­
cantly contribute to morbidity and mortal­
ity.
Surgical Complications ( Table IV)
Surgical complications in the elderly pa­
tient are important because they not only 
produce specific morbidity and mortality, 
but also often predispose to further medi­
cal complications, such as pneumonia and 
anemia. Although surgical complications 
were common, in only eight patients (2%  ) 
were they the primary cause of death.
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TABLE IV.—P o st o p e r a t iv e  S u r g ic a l  C o m pl ic a ­
t io n s  in  342 P a tie n ts
No. of Cause of 
patients death
Infection......................................  83
Intra-abdominal..................  59 7
Wound dehiscence...............  30 1
Reoperation................................  77 —
Infection is still the most common surgi­
cal complication. Twenty-four per cent of 
patients had wound infection, boils or in­
fected intravenous “cutdown” sites. During 
this period of study, staphylococcal wound 
infection was prevalent, although many of 
the wound infections were due to Gram­
negative bacilli. The wound infection rate 
at this hospital has now been reduced to 
approximately 4% .
Intra-abdominal complications, such as 
abscess, peritonitis, paralytic ileus, mechan­
ical intestinal obstruction and fistula, 
occurred in 17 % of patients. Major intra­
abdominal infections, although not com­
mon, were the chief cause of death from 
surgical complications in five patients.
Wound dehiscence was a serious prob­
lem and occurred in 9% , 30 patients. In 
two-thirds of those with wound dehiscence, 
resuture was necessary; one-third were 
treated without secondary operation.
Reoperation for treatment of complica­
tions was necessary in approximately one 
in five of the entire group (17%); this ex­
cludes resuture of wound dehiscence. In­
cluded in this classification of reoperation 
are all procedures carried out in the oper­
ating-room, such as bronchoscopy, trache­
ostomy and cystoscopy, as well as 
laparotomy, drainage of wound infections 
and abscesses. A mortality rate of only 2% , 
associated with these numerous surgical 
complications and the frequent need for 
secondary operation, indicates that even in 
elderly patients, aggressive treatment of 
surgical complications is necessary, is justi­
fied and will be successful in the majority 
of patients.
Postoperative Mortality (Tables V and
VI)
There were 43 deaths in 342 patients; 
that is, a mortality rate of 12.5%. Thirteen 
patients died in the immediate postopera-
TABLE V.—D e a t h s  fr o m  S u r g ic a l  
Co m pl ic a t io n s
Peritonitis.................................................................... 4
Intra-abdominal abscess........................................... 1
Intestinal obstruction...............................................  1
Biliary fistula (post-gastrectomy).......................... 1
Resuture of evisceration (cardiac arrest)............. 1
Total................................................................  8
tive period as a result of the disease pro­
cess which required operation; for example, 
after laparotomy for extensive gen­
eralized peritonitis. Eight deaths were a 
result of surgical complications (Table V ). 
Five of these deaths were caused by in­
fection; in four, generalized peritonitis 
and, in one, an intra-abdominal abscess. 
Although evisceration was a common prob­
lem, in only one patient was this the pri­
mary cause of death. In this man, death 
resulted from cardiac arrest at the time of 
resuture of the incision.
TABLE VI.—D e a t h s  fr o m  M e d ic a l  
Co m pl ic a t io n s
Pulmonary embolus..................................................  5
Bronchopneumonia...................................................  5
Staphylococcal pneumonia......................................  4
Aspiration pneumonia............................................... 2
Myocardial infarction...............................................  2
Endocarditis (Strep, faecalis) ..................................  1
Congestive failure...................................................... 1
Cerebrovascular accident.........................................  1
Pyelonephritis............................................................. 1
One-half o f all deaths in our series of 
elderly patients were due to medical com­
plications (Table V I). Eleven of these 22 
deaths were due to pneumonia. Postopera­
tive myocardial infarction occurred in four 
patients and two of these died.
Fatal pulmonary embolism occurred in 
five patients. Postoperative thrombophleb­
itis was diagnosed in 4.4% (15) of all 
patients, which is within the usually ac­
cepted incidence. In seven of these 15 
patients, however, pulmonary embolism 
occurred, and five of the seven died. This 
incidence of pulmonary embolism associ­
ated with phlebitis is much higher than 
usual, and the mortality rate is approxi­
mately twice that usually quoted. An in­
creased incidence of fatal postoperative 
pulmonary embolism in the elderly, as 
compared with the general population, has 
been noted by others.
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T A B L E  V II.— M o r ta lity  A sso cia ted  w ith  
V a r io u s  S urg ic a l  P r o c e d u r e s
No. of
patients Mortality
Elective
Gastrectomy............................ 72 6%
Cholecystectomy including 
choledochostomy................ 54 5%
Colon resection....................... 63 11%
Laparotomy and
miscellaneous procedures.. 48 18%
Emergency
Gastrectomy............................ 12 42%
Closure of perforated ulcer. 10 20%
Cholecystostomy.................... 20 5>%
Appendectomy........................ 26 8%
Intestinal obstruction........... 25 20%
Laparotomy and miscel­
laneous procedures............. 13 38%
Mortality Folloioing Emergency Pro­
cedures (Table VII)
One-third of the patients in this study 
required primary emergency procedures; 
the overall mortality rate among these pa­
tients was twice that of those subjected to 
elective surgery. A mortality rate of 6% 
for elective gastrectomy in elderly patients 
is quite acceptable but a mortality rate of 
42% for emergency gastrectomy must be 
considered excessive. Two factors appear 
to make a significant contribution to an ex­
cessive mortality rate in emergency opera­
tions in elderly patients. The first is that 
elderly patients with common problems 
such as acute appendicitis, acute chole­
cystitis and intestinal obstruction often do 
not give a classical history nor have the 
typical findings and laboratory abnormali­
ties seen in younger patients. Some physi­
cians are unwilling to make a diagnosis or 
obtain surgical consultation in the absence 
of these classical features, and diagnosis 
and treatment is thus delayed. For example, 
over one-half of our patients with appendi­
citis had perforation with generalized peri­
tonitis or abscess at the time of operation. 
The elderly patient himself often does not 
seek medical attention until the disease 
process is advanced. Secondly, some physi­
cians do not realize how well these elderly 
patients, even those with co-existing dis­
ease, usually respond to elective surgical 
procedures such as gastrectomy for duo­
denal ulcer, cholecystectomy for chronic 
cholecystitis and colon resection for diver­
ticulitis. If these surgical conditions are 
treated electively, the patient with associ­
ated disease, such as chronic bronchitis and 
emphysema, can be adequately prepared 
and the possibility of complications great­
ly reduced. If emergency operations must 
be performed because of acute complica­
tions, adequate preparation is not possible 
and therefore the morbidity and mortality 
sharply rises.
Reduction of Morbidity and Mortality
As a result of our experiences in the 
years from 1950 to 1959, we have adopted 
several measures to improve the surgical 
treatment of elderly patients and feel con­
fident that the morbidity and mortality 
rates will diminish in the present decade.
We have been able to significantly de­
crease postoperative pulmonary complica­
tions. All patients are taught breathing ex­
ercises preoperatively and are encouraged 
to carry out such exercises from the early 
postoperative period onward. We have 
found the Bird respirator to be of great as­
sistance in the preparation and maintenance 
of patients with chronic bronchitis and 
emphysema. Early tracheostomy, when in­
dicated, may be lifesaving in the presence 
of postoperative pulmonary complications. 
However, in the last two or three years, it 
has been our experience that energetic con­
servative methods, such as the use of 
breathing exercises, the Bird respirator and 
nasotracheal suction, has greatly reduced 
the need for tracheostomy.
With patients who have severe associ­
ated pulmonary disease or in those whose 
general status is poor, the anesthetists in 
this hospital have had good results with 
local block anesthesia, supplemented by 
intravenous meperidine (Demerol) drip 
and oxygen inhalation. While the local con­
ditions for the surgeon (abdominal wall re­
laxation and degree of manipulation of 
intra-abdominal viscera that is possible) 
may not be as nearly ideal as he would 
like, they are adequate, and we are con­
vinced that the use of such measures have 
at times been extremely worthwhile.
We have also concentrated our efforts 
on the reduction of the incidence of infec-
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tion. By careful attention to preoperative 
skin preparation, by care in handling and 
protecting abdominal wounds, and by using 
careful postoperative dressing technique, 
we now have reduced the overall wound- 
infection rate to under 4% .
When a urinary catheter is necessary, it 
is attached to a sterile closed-system drain­
age bottle and an appropriate antibiotic 
is administered to the patient. T-tubes are 
also attached to sterile closed-system drain­
age bottles, or to plastic bags.
Finally, we have increased our efforts 
in the early diagnosis of complications in 
these elderly people, and have tried to 
treat them before such problems become 
compounded.
Sum m ary
A careful survey of the case records of 
342 male patients over 70 years of age, 
who underwent major abdominal surgery at 
Shaughnessy (D.V.A.) Hospital, Vancouver, 
between 1950 and 1959, has been made. 
Eighty-five per cent of these patients had 
some form of associated pre-existing dis­
ease, most commonly arising in the cardio­
vascular, genitourinary and respiratory sys­
tems. Patients with associated respiratory 
disease had twice the incidence of post­
operative pulmonary complications as the 
total group. Pulmonary complications were 
responsible for a high morbidity and were 
the commonest cause of postoperative 
death.
The mortality rate was 12.5%, which is 
lower than in most reported series. The 
mortality rate for elective surgery was 
9.7% , but that for emergency operation of 
any type was twice as high. Emergency 
procedures comprised One-third of the surg­
ery in this age group. Approximately one 
in five of these patients required second 
operations for complications. In spite of 
this, the mortality rate due to surgical com­
plications was only 2% . Infection was the 
chief cause of death from surgical compli­
cations.
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R esu m e
De nos jours, le nombre de personnes agees 
augmente progressivement dans notre societe; 
c’est la raison pour laquelle, des problemes chirur- 
gicaux nouveaux surgissent. D une fapon generate, 
les resultats de la chirurgie chez les vieillards sont 
satisfaisants, mais il semble qu’il y ait moyen de 
les ameliorer encore. Les auteurs ont procede a 
une etude statistique portant sur 342 malades 
(hommes seulement) ages de plus de 70 ans, 
ayant subi une intervention abdominale impor- 
tante; tous ces cas ont ete vus au “Shaughnessy 
(D.V.A.) Hospital” de Vancouver entre 1950 et 
1959. Les interventions mineures, telles les cures 
hemiaires simples, ont ete volontairement exclues 
des resultats. Environ la moitie des malades 
etaient atteints dune maladie associee du systeme 
cardio-vasculaire, un tiers souffrait de troubles 
genito-urinaires et un quart de maladies du sys­
teme respiratoire. Les atteintes cardio-vasculaires 
ou genito-urinaires n’entrainerent aucun change- 
ment du pronostic; au contraire, les maladies res- 
piratoires pre-existantes furent nettement reliees a 
des complications broncho-pulmonaires postopera- 
toires. Parmi les complications les plus impor- 
tantes on releve diverses infections, des abces et 
la desunion des plaies operatoires. Le taux de 
mortalite apres intervention fut de 12.5®; parmi 
les causes, on note: 22 morts par pneumonie, 
deux infarctus du myocarde, cinq embolies pul- 
monaires, 15 thrombophlebites. > Une etude se- 
paree est faite des cas operes d’urgence: le taux 
de mortalite y est trouve deux fois plus eleve; 
ceci est du principalement a des retards dans la 
mise en oeuvre du traitement, par suite d’une 
symptomatologie non classique, differente de celle 
des malades plus jeunes, rendant le diagnostic plus 
delicat. Les auteurs suggerent un certain nombre 
de mesures susceptibles d’abaisser les taux de 
mortalite. Parmi celles-ci: les exercices respira- 
toires systematiques preoperatoires et postopera- 
toires; l’emploi des anesthesies locates ou regio- 
nales chez les pulmonaires, en^  y associant un 
goutte-a-goutte de Demerol et 1 inhalation d oxy- 
gene; les infections peuvent etre reduites par une 
preparation soignee de la peau du patient et des 
pansements attentifs; les urinaires seront cathe- 
terises a l’aide d’un systeme clos et mis sous con- 
trole antibiotique.
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SOME OBSERVATIONS ON THE ANATOMY OF THE MIDDLE 
CEREBRAL ARTERY0
K. K. JAIN, Toronto
Since Thomas Willis1 described the arterial circle at the base of the human brain, con­
siderable advances have been made in the 
anatomy of the cerebral blood vessels. 
Padget,2 Kaplan3 and Lazorthes4 are out­
standing among the numerous workers who 
have contributed to this subject. It might 
appear unnecessary to investigate gross an­
atomy of the cerebral blood vessels any 
further. However, the present study was 
undertaken to learn more about the ana­
tomical patterns and variations of the mid­
dle cerebral artery from a neurosurgeon’s 
point of view. Since this investigation pro­
duced some interesting findings, it was 
considered desirable to report them.
M aterial and M ethods
Arteries of brains from 300 consecutive 
autopsies at the Winnipeg General Hos­
pital were examined by the author. The 
age of the subjects ranged from newborn 
(premature as well as full-term infants) to 95 years, with a preponderance of subjects 
in the older age groups.
In 270 brains, the arteries at the base 
were dissected in a fresh state. In 10 brains 
with accessory middle cerebral arteries, red Latex solution was injected into both 
internal carotid arteries and the vessels 
were dissected after the brains had been fixed for a few days.
In 20 brains, corrosion preparations were 
made of the cerebral arteries by a tech­
nique developed by the author, the details 
of which will be reported separately.® The 
injection material used was Vibrex resin (Bluestar brand§) with ordinary red-lead 
powder as colouring matter and an acti­
vator, M.E.K. 60,§ added just before injec­
tion. The injection was made into the in-
°The study on which this paper is based was carried out in the Department of Pathology, Win­nipeg General Hospital, Winnipeg, Man. 
f  Neurosurgical Service, Sunnybrook (D.V.A.) Hospital, Toronto, and C. H. Best Institute, Uni­versity of Toronto.
§Supplied by Park Hennessey Company, Winni­peg, Man.
ternal carotid and vertebral arteries in the 
neck before removing the brain from the 
cranial cavity. After allowing the injection 
mass to harden, each brain was removed and suspended in a hot-water bath for 24 
hours and then transferred to a container 
filled with 20% potassium hydroxide solu­
tion. After two to three days the vessel 
walls dissolved and the brain substance dis­
integrated and fell off the cast of the ves­
sels after gentle washing under tap water 
for 24 hours. The arteries in such prepara­
tions maintained their position and direc­
tion and were available for direct inspec­tion (Fig. 1).
The findings were recorded on a form 
that contained a diagram of the circle of 
Willis (Fig. 2). Since interest was mainly 
focused on the middle cerebral artery, 
variations in the circle of Willis were 
only noted as part of the background to 
the study. In 300 subjects, 610 middle cere­
bral arteries ( including 10 accessory middle 
cerebral arteries) were examined.
Results
Circle of Willis
The configuration of the circle Of Willis 
was anatomically complete in 293 cases (97.7%). In 90 cases (30%) one or both 
posterior cerebral arteries maintained their 
embryonic origin from the internal carotid 
arteries, and their connections with the basilar artery were hypoplastic.
The anterior communicating artery was 
absent in one case only. In 20 cases (6.7 % ) 
this artery was duplicated. In addition to 
this, there were numerous small communi­
cations between the two pericallosal ar­teries. In 19 cases (6.3%) both anterior 
cerebral arteries were supplied from one 
of the internal carotid arteries. In 26 cases (8.7%) there were three anterior cerebral arteries. The median anterior cerebral ar­tery in each case arose from the anterior communicating artery and coursed over the corpus callosum giving branches to the medial surfaces of both frontal lobes. In
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Fig. 1.—Basal view of the corrosion cast preparation of the cerebral arteries.
one case, there were four anterior cerebral 
arteries.Heubner’s8 artery (recurrent perforating 
branch of anterior cerebral artery) was the most constant of all the branches at the base of the brain, and was present bilater­
ally in all cases (Fig. 2). This vessel arose from the anterior cerebral artery in the
region of the anterior communicating ar­
tery and coursed caudally to enter the an­
terior perforated substance medial to the 
perforating branches of middle cerebral artery. It was duplicated bilaterally in two cases. In one instance there was an addi­
tional Heubner’s artery on one side arising from an accessory middle cerebral artery.
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AC
Fig. 2.—Diagram of the circle of Willis. ACA— 
anterior cerebral artery; AC—anterior communi­
cating artery; MCA—middle cerebral artery; IC— 
internal carotid artery; PC—posterior communicat­
ing artery; HA—Heubner’s artery; DSA—distal stri­
ate artery; PCA—posterior cerebral artery; B— 
basilar artery, and APS—anterior perforated sub­
stance. Arrows indicate the direction of blood 
flow.
Middle Cerebral Artery
The average length of 610 middle cere­
bral arteries was 1.6 cm., with a range of 
0.5 cm. to 3 cm. The diameter ranged from 
0.3 to 0.5 cm.
The commonest pattern of initial branch­
ing was by bifurcation, 270 cases—90% ; 
in the rest, the branching was by trifurca­
tion. Further branching was by bifurcation 
in all cases. In all of the brains there were 
constant branches from the middle cere­
bral trunk or accessory middle cerebral ar­
tery to the lateral part of the orbital front­
al cortex and tip of temporal lobe.
There were numerous small perforating 
branches (6 to 20) from the middle cere­
bral artery. In all of the brains one or two 
of these branches arising in the distal por­
tion were more prominent and larger, with 
diameters up to 0.1 cm. Particular atten­
tion was paid to these distal striate ( Char­
cot’s) arteries.
The site of origin of these branches from 
600 middle cerebral arteries was as fol­
lows: In 325 (54.1%  ), the origin was from 
the middle cerebral trunk; in 154 (25.6%), 
at the point of division of the middle cere­
bral artery; in 121 (20.3%), from one of 
the branches of the middle cerebral artery.
In the adult cases, the distal striate ar­
teries always passed in a recurrent direc­
tion making an acute angle (30° to 85°) 
with the parent vessel; the flow in the
branch was in a direction nearly opposite 
to that in the main trunk (shown by ar­
rows in Fig. 2 ). After entering the anterior 
perforating substance, these arteries made 
a right-angle turn laterally (Fig. 2).
Accessory Middle Cerebral Artery
In nine cases ( 3 % )  there were acces­
sory middle cerebral arteries, unilateral in 
eight and bilateral in one; there were 10 
such arteries in all. Eight of the arteries 
(80 % ) arose from the anterior cerebral 
and two (2 0%) from the internal carotid. 
In each instance this artery proceeded lat­
erally in the Sylvian fissure to share a part 
of territory of supply of the middle 
cerebral artery, that is, the lateral part of 
the orbital surface of the frontal lobe.
In these cases the branches of the middle 
cerebral to this territory were replaced by 
branches from the accessory middle cere­
bral artery. No perforating vessels arose 
from these arteries except in two cases 
—  an accessory Heubner’s artery in one 
and a major striate perforating artery in 
the other. There were abundant ana­
stomoses on the cortical surface between 
the branches of the accessory middle 
cerebral and the middle cerebral arteries. 
One such artery, shown in Fig. 3, takes its 
origin from the left anterior cerebral artery.
D iscussion
On a developmental basis there are num­
erous possibilities of variations in blood 
vessels of the brain. Variations in the form 
of the circle of Willis have been well dis­
cussed recently by Riggs and Rupp.7 Since 
these variations were noted only as back­
ground incidental findings, they will not be 
discussed further at this time.
The territories supplied by the anterior 
and middle cerebral arteries are well de­
marcated, although both develop from the 
forebrain. It is unusual for an accessory 
middle cerebral artery to arise from the 
anterior cerebral artery and go to a terri­
tory normally supplied by the middle cere­
bral artery. Crompton8 described such ar­
teries in 3% of 347 cases that he examined 
at autopsy. This is the only report found 
in the literature pertaining to the accessory 
middle cerebral artery. The usual origin
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Fig. 3.—(A) Anterior cerebral artery; (R) middle cerebral artery, and (C) stump 
of the internal carotid artery. Dirge arrow points to the left accessory middle cere­
bral artery taking origin from the left anterior cerebral artery. The smaller arrow 
points to the Heubner’s artery.
of this artery in his cases was from the 
internal carotid artery and he mentioned 
only one instance of an accessory artery 
arising from the region of the anterior com­
municating artery. In the present series the 
incidence of accessory middle cerebral 
arteries is the same as in Crompton’s series, 
3% , but the site of origin is the region of 
the anterior communicating artery in 80% 
of the cases and the internal carotid artery 
in the remainder. This variation can be of 
clinical significance in middle cerebral ar­
tery occlusion. An accessory middle cere­
bral artery in such cases can be an im­
portant source of collateral blood supply 
to the territory of the middle cerebral ar­
tery.
Perforating branches of the middle cer­
ebral artery have been described by Kap­
lan.3 According to Herman, Ostrowski and 
Gurdjian,9 there is a constant distribution 
from these branches to the body of the 
caudate nucleus, putamen, globus pallidus 
and the internal capsule. In the present 
study, particular note was made Of the 
angle which the distal striate arteries make 
with the parent vessel. This angle is ob­
tuse in the embryo, nearly a right angle at 
birth, but becomes acute in the adult, so
that the direction of blood flow in these 
branches is recurrent to that in the parent 
vessel. This may provide an anatomical ex­
planation for the hemorrhages frequently 
found in the territory of supply of the dis­
tal striate artery in hypertensive patients, 
as these vessels are more liable to ischemic 
damage produced by the fall in blood pres­
sure. Restoration of blood pressure after 
an episode of hypotension is liable to cause 
rupture of this vessel, hence the justifica­
tion for the term sometimes applied to this 
vessel, “Charcot’s artery of cerebral hemor­
rhage”. The lack of support from the sur­
rounding softened brain tissue is a con­
tributing factor. Another factor that ag­
gravates ischemia in the lenticulostriate 
area is the recurrent course of Heubner’s 
artery which collaborates with the perfor­
ating branches of the middle cerebral artery 
in supplying the head of the caudate nu­
cleus and the globus pallidus.
The importance of perforating vessels in 
surgery of aneurysms of the middle cere­
bral artery has been noted by McKissock, 
Richardson and Walsh.10 These perforating 
vessels are liable to be damaged when the 
surgeon handles the aneurysm and the 
middle cerebral artery trunk. This is most
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Fig. 4.—Right carotid angiogram showing the distal striate artery arising fom the trunk of the 
middle cerebral artery. Arrow points to the origin of the distal striate artery.
likely to happen if the distal striate artery 
arises from either the trunk or the point of 
division of the middle cerebral artery. The 
latter is the commonest site of origin of 
middle cerebral aneurysms.11 The two lo­
cations, mentioned above, comprise the 
site of origin of distal striate arteries in 
79.7% of the middle cerebral arteries. In 
the remainder, where the site of origin of 
this artery is from one of the divisions of
the middle cerebral trunk, this problem 
does not arise. It is possible by angiog­
raphy12 to visualize preoperatively the site 
of origin (Fig. 4) of the distal striate ar­
tery. If it arises from the main trunk of 
the middle cerebral artery or its point of 
division, it is best to adopt an operative 
procedure that avoids manipulation of the 
middle cerebral artery trunk, that is, coat­
ing the aneurysm with resin by Selver-
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stone’s method.18
This study also shows that the common­
est pattern of branching of the middle 
cerebral artery is by bifurcation (90% ) .  
Therefore, the standard term “trifurcation 
of the middle cerebral artery” should not 
be used indiscriminately.
Summary
The results of a study of the arteries at 
the base of the human brain in 300 cases 
are presented. Variations in the circle of 
Willis have been identified as follows: 
Incomplete circle of Willis—2.3%; double 
anterior communicating artery—6.7%; hy­
poplasia of the proximal anterior cerebral 
artery—6.3%, and triple anterior cerebral 
artery—8.7%. The commonest pattern of 
division of the middle cerebral artery was 
by bifurcation (90% ) ,  and by trifurcation 
in the remainder. An accessory middle 
cerebral artery was present in 3%  of 
cases; 80% of these arose from the anterior 
cerebral and 20% from the internal caro­
tid artery. The importance of this artery 
as a source of collateral circulation in 
middle cerebral artery occlusion is dis­
cussed. The angulation of the distal striate 
artery was found to be acute in all adult 
cases. An explanation is suggested for hem­
orrhage in the territory of the distal striate 
artery in hypertensive subjects.
My thanks are due to Dr. D. W. Penner, Direc­
tor of Pathology, Winnipeg General Hospital, for 
his permission to undertake the study, and to Dr. 
A. E. Childe of the Department of Radiology for 
providing the angiogram shown in Fig. 4.
I would also like to thank Miss E. Blaekstock 
of the Department of Art as Applied to Medicine 
of the University of Toronto for drawing the dia­
gram of the circle of Willis.
Re fe ren ces
1. W il l is , T.: Cerebri ana tome: cui accessit
nervorum descriptio et usus, Martyn and 
Allestry, London, 1664.
2. Pad g e t , D. H.: The circle of Willis, its em­
bryology and anatomy. In: Intracranial ar­
terial aneurysms, edited by W. E. Dandy, 
Comstock Publishing Co., Inc., Ithaca, N.Y. 
1944, p. 67.
3. Ka p l a n , H. A.: Vascular supply of the base
of the brain. In: Pathogenesis and treat­
ment of cerebrovascular disease, edited by 
W. S. Fields, Charles C Thomas, Spring- 
field, 111., 1958, p. 138.
4. L a zo r th e s , G. et al.: Vascularization et cir­
culation cerebrales, Masson & Cie, Paris 
1961.
5. Ja in , K. K.: A technique for the corrosion
preparation of cerebral blood vessels. To 
be published.
6. H e u b n e r , O.: The topography of the nutritive
area o f single brain arterioles, Zbl. Med. 
Wiss., 10: 817, 1872.
7. R iggs, H. E. a n d  Ru p p , C.: Variation in
form of circle of Willis, Arch. Neurol. 
(Chicago), 8: 8, 1963.
8. C r o m p t o n , M. R .: The pathology of ruptured
middle-cerebral aneurysms, Lancet, 2: 421, 
1962.
9. H e r m a n , L. H., O stro w sk i, A. Z. an d
G u r d jia n , E. S.: Perforating branches of 
the middle cerebral artery, Arch. Neurol. 
(Chicago), 8: 32, 1963.
10. M c K isso c k , W ., R ic h a r d so n , A . a n d  W a l s h ,
L.: Middle cerebral aneurysms, Lancet, 2: 
417, 1962.
11. St e h b e n s , W. E.: Aneurysms and anatomical
variation of cerebral arteries, Arch. Path. 
(Chicago), 75 : 45, 1963.
12. A n d e r se n , P. E.: The lenticulo-striate arteries
and their diagnostic value: a preliminary 
report, Acta Radiol. (Stockholm), 50: 84, 
1958.
13. Se l v e r st o n e , B.: Aneurysms at middle cere­
bral “ trifurcation” : treatment with adher­
ent plastics, J. Neurosurg., 19 : 884, 1982.
Resume
Cet article est une etude de l’anatomie des 
arteres du cerveau, faite sur 300 specimens prove- 
nant d’autopsies; dans 270 cas, une dissection 
complete des arteres de la base a 1’etat frais fut 
faite. Dans 20 cas, des preparations par corrosion 
furent effectuees. Les observations qui en decou- 
lent peuvent 8tre resumees comme suit: la con­
figuration du cercle de Willis etait parfaitement 
normale dans 97.7% des cas. Dans 30% des speci­
mens, une ou les deux arteres cerebrales poste- 
rieures avaient conserve leur origine embryonnaire 
a partir de la carotide interne. L ’absence de l’ar- 
tere communicante anterieure ne fut notee qu’une 
seule fois. mais on la trouva dedoublee dans 6.7% 
des cas. Pour ce qui est des arteres cerebrales 
anterieures, on trouva que, dans 6.3% des cas, 
elles avaient une origine unique dune des caro- 
tides internes; elles etaient trifurquees dans 8.7% 
des specimens. Dans une preparation on nota 
ouatre arteres. Les modifications de Thexagone 
de Willis sont: l’etat incomplet (2.3%), le de- 
doublement de 1’artere communicante anterieure, 
1’hypoplasie d’une artere cerebrale anterieure. En 
ce qui conceme 1’artere cerebrale moyenne, sa 
longueur moyenne est de 1.6 cm., avec un diame- 
tre de 0.3 a 0.5 cm. Sa division se fait le plus 
souvent par bifurcation (90% des cas) ou par 
trifurcation (10%); ulterieurement, la trifurcation 
est subdivisee par dichotomie. Dans 9 cas, on 
decouvrit des arteres cerebrales moyennes acces- 
soires, d ’un seul cote (huit cas) ou bilaterales 
( un cas). Ces arteres se dirigent dans la scis- 
sure de Sylvius, irrigant une partie du territoire 
qui est normalement irrigue par les branches de 
1’artere moyenne; les elites branches sont alors ab- 
sentes. Toutes ces variations sont facilement ex- 
pliquees par l’embryologie de ces vaisseaux.
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THE PATHOGENESIS OF UNICAMERAL BONE CYST0
K. S. MORTON, M.D., C.M., M.Sc., F.R.C.S.[C], Vancouver, B.C.
The pathogenesis of unicameral bone cyst 
has been a controversial subject since Vir­
chow first reported the lesion in 18761 and 
it was delineated as an entity by Blood- good3 and Elmslie.5 Pommer believed that 
solitary bone cysts were the result of intra­
medullary hemorrhage due to trauma.8 
Phemister and Gordon11 cited two oases in which anaerobic Streptococcus viridans was 
isolated in support of an infectious etiology 
of this lesion. Geschickter and Copeland6 
suggested that progressive osteoclastic pro­
liferation at the metaphyseal-epiphyseal 
junction was responsible for bone cysts, but 
Jaffe and Lichtenstein8 favoured Mikulicz’s 
concept, a localized osseous dystrophy.
In the author’s view the explanation of 
the pathogenesis of unicameral bone cyst, 
which is more easily understood, is that of 
growth aberration or developmental fault 
suggested by Jaffe and Lichtenstein8 and 
Stein, Stein and Beller.15 That the develop­
ment of the cyst is related to growth and 
development of bone cannot be denied; however, one needs to explain why the 
growth disturbance should begin and end 
locally in the midst of a prolonged growing 
period.
With these views in mind, a study of 33 
patients with unicameral bone cyst was 
undertaken. The group was first reviewed 
as a whole and then certain cases were 
studied more closely with the idea of prov­
ing or disproving the growth-aberration 
concept of pathogenesis.
Only cases unquestionably diagnosed as 
unicameral bone cyst are included in this 
smaller study. Criteria for diagnosis were clinical, radiological and pathological in all 
instances. Cases not falling into the ac­cepted age-distribution of three to 20 
years, those with atypical radiological ap­pearances, or those showing an histology 
not consistent with the diagnosis of uni­cameral bone cyst were excluded. The gross appearance of a thin-walled, fluid-
“ From the University of Rritish Columbia Bone Tumour Registry and the Department of Surgery, University of British Columbia, Vancouver, B.C.
filled cavity at operation was often one of 
the most useful criteria for establishing the 
diagnosis of unicameral bone cyst.
Clinical Material
Twenty cases were accepted for review 
on the basis of unquestioned clinical, radio­
logical and pathological information; that 
is, the lesion occurred in the three to 20- 
year age group (with one exception) and 
gave rise to few if any symptoms other 
than pain of pathological fracture. Radio- 
logically, the lesion involved the metaphy- 
sis of a major long bone and appeared as an osteolytic lesion thinning the cortex and 
expanding the bone slightly. Pathologically, 
the cortex was thinned, the lining mem­
brane was scanty, the bony wall was ridged 
and the cavity contained clear yellow or 
bloody fluid. Microscopically, the typical 
lesion consisted of a thin folded connec­
tive tissue membrane with a few phago­cytes and giant cells and, occasionally, 
spicules of new bone. The histological pic­
ture was not always typical but was some­
times described as “consistent with a diag­
nosis of unicameral bone cyst”.
Age.—With one exception—a man, 54 
years of age—all of the patients were be­tween three and 19 years. Seventeen of the 
20 were from three to 12 years of age. The one exception to this age range was in­
cluded because, on histological examina­
tion, the cyst had the appearance consist­
ent with a lesion of many years’ standing 
and probably had its origin at a time with­
in the accepted age range. The cyst in this 
case was otherwise typical.
Sex.—There were 14 men and six women.
Site.—Seven cysts occurred in the upper 
femoral metaphysis and seven in the upper humerus. The other six occurred in the lower radius, lower humerus, shaft of 
humerus, lower tibia, shaft of femur and inner clavicle.
Signs and symptoms.—Fourteen patients gave a history of injury; in three, the re­quired information was not obtained. Pathological fractures occurred in 12; 11 of
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these fractures gave rise to pain. Five 
patients described pain independent of 
recognizable fracture.
The high incidence of typical findings in 
this clinical review is probably related to 
the selection of cases.
Etiology and Pathogenesis
Infection
Bloodgood3 proposed that benign bone 
cysts were inflammatory in origin and sug­
gested the term “chronic osteomyelitis 
fibrosis cystica or solida”. Since that time 
sporadic attempts have been made to prove 
the bacteriological origin of the lesion. 
Phemister and Gordon,11 supporting Blood- 
good’s concept, reported two cases from 
which Streptococcus viridans was cultured. 
Though their illustrations are of poor 
quality, their Case 2 does not appear to re­
semble unicameral bone cyst in any way. 
These authors point out that the age inci­
dence of unicameral bone cyst is the same 
as that of chronic osteomyelitis and that the 
absence of local or general symptoms does 
not exclude infection. The fact that frac­
ture through a cyst does not exacerbate pre­
existing infection, and that surgical wounds 
heal by first intention also does not rule 
out a bacteriological origin, for the same 
statements can be made about Brodie’s 
abscesses. The cysts are metaphyseal and 
their histological picture is not inconsistent 
with infection. Santos13 and Cook, Krab- 
benhoft and Songe4 also concluded that 
streptococci could be the underlying cause 
of some unicameral bone cysts.
Oral temperatures on admission to hos­
pital were normal in all of the 20 patients 
reviewed herein. Sedimentation rates were 
recorded in 10 instances and in four of 
these were greater than 10 mm. per hour. 
The only determination considered abnor­
mal was in a 12-year-old boy whose frac­
ture was likely traumatic in origin. His 
sedimentation rate was 30 mm. and the 
differential count included 6% staff cells 
and 67% polymorphonuclear leukocytes. 
His leukocyte count was 6800/c.mm. At op­
eration five months later, the wound healed 
normally. The contents of the cyst were 
not submitted for bacteriological culture.
In one instance the leukocyte count was
elevated to 18,500/c.mm. with 85%  poly- 
morphonuclears and 8%  staff cells. This 
15-year-old girl had fractured her humerus 
while skiing and was afebrile on admission. 
Her wound healed primarily after opera­
tion seven months later. No culture was 
made from the cyst.
Certainly on the basis of such incomplete 
information one cannot affirm or discount 
the infectious origin of unicameral bone 
cyst. At the present time, any categorical 
statement attributing unicameral bone cyst 
to infection would be based on exceedingly 
weak grounds. In our view, the lack of posi­
tive information about the association, 
knowledge of the behaviour of infected 
bone and the growth and development of 
bone favour the conclusion that unicameral 
bone cyst and infection are not causally 
related.
M etabolic Disorder
Solitary cysts of bone have been des­
cribed since the time of Virchow but only 
in the early part of the present century 
were these cysts distinguished from osteitis 
fibrosa cystica, that is, from hyperparathy­
roidism and fibrous dysplasia. The possi­
bility that unicameral bone cyst has a 
metabolic origin, however, remains.7
The solitary nature of the lesion is against 
a generalized metabolic disorder. Skeletal 
surveys, carried out in only four instances 
in this series of 20 cases, did not reveal 
more than the single lesion. Serum calcium 
was determined in 12 patients and ranged 
from 9.0 to 11.4 mg. % , with an average 
of 10.6 mg. %. Eleven serum phosphorus 
determinations were performed, with a 
range of 4.1 to 6.2 mg. % —an average of 
5.2 mg. % . Alkaline phosphatase ranged 
from 4 to 29 King-Aims trong units in 13 
instances, results which are considered 
normal in our laboratories. Again, these 
observations do not exclude the presence 
of a metabolic disorder, but at best they 
do not represent positive evidence in 
favour of a metabolic origin.
New Growth
Traditionally, this lesion has been in­
cluded with neoplasms of bone in text­
books and, at least from the point of view
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(a) (b) (c)
Fig- 1.—(a) and (b) Enlargement following fracture in an 11-yearold boy who had a cystic 
lesion in shaft of humerus, which was first detected at time of fracture, (c) Same case two years later 
after treatment of fracture by plaster splint.
of differential diagnosis, there is good 
reason for continuing to do so. Certainly, 
metastases have never been reported and 
none occurred in this series. Malignant 
transformation of cysts has been reported 
by Alldredge,2 but only following radiation 
treatment.
So-called recurrence, on the other hand, 
is common after surgical treatment and 
was observed in 12 of 20 patients in this 
series. Four of these recurrences required a 
second operation. Enlargement of the cyst 
also occurs and was observed before surgi­
cal treatment in one instance, but in this
case prior fracture was observed (Fig. 1). 
Enlargement was observed more frequently 
after surgical treatment (Fig. 2 ). It seems 
reasonable, however, to explain enlarge­
ment of the cyst on the basis of hemorrhage 
or trauma to osteoblasts, rather than to 
consider it as evidence of neoplasia. Also, 
it is obvious that after operation not only 
did the cyst enlarge but bone growth 
occurred, and it is questionable whether 
there is any disproportionate increase in 
the size of the cyst in relation to the bone 
involved, in many of these examples of 
enlargement of the cyst.
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(a) (b)
Fig. 2.—(a) Enlargement following surgical treatment in a 12-year-old girl. Unicam­
eral bone cyst is in upper humeral metaphysis. A minor fracture in the cortical wall is 
apparent, (b) Same case four years later and two years after curettage, cautery and homo­
genous bone graft.
That unicameral bone cyst may be the 
result of cystic degeneration in a primary bone tumour continues to be proposed in the medical literature7 and this idea is 
probably based on the opinion of Geschickter and Copeland.0 These authors
believe that giant cell tumour and osteitis fibrosa (i.e. unicameral bone cyst) are pathologically related and that the average 
solitary bone cyst in the long bones is a healed or healing giant cell tumour. They 
do not believe that all giant cell tumours
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Fig. 3.—(a) Progression of unicameral bone cyst beyond the mid-shaft point in a four-year-old 
girl. A typical cyst is seen adjacent to the upper humeral epiphysis (June 30, 1957). (b) Same case. 
The cyst now occupies a position well into the metaphysis (February 3, 1958).
progress to cysts nor that all cysts originate 
in giant cell tumour.
The observations of Geschickter and 
Copeland0 are based on histology and are 
open to the risk that they record simply 
the end-reactions of a given tissue to a 
number of initiating agents. In our cases
we have preferred the description “persist­
ence” rather than “recurrence” of a cyst 
because in all instances postoperative radio­
graphs showed that portions of the lesions 
were untouched by surgical curettage or 
bone graft. Dissolution of bone grafts used 
in surgical treatment of cysts does not
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Fig. 3.—(c) Progression of unicameral bone cyst beyond the mid-shaft point. Same case as in 
Fig. 3(a) and (b). Further progression of the cyst into the diaphysis of the humerus (August 12, 1960), 
(d) Same case five years after first roentgenogram. The cyst now reaches beyond the mid-diaphyseal 
point (June 16, 1962).
necessarily represent neoplastic aggressive­
ness since this phenomenon is also seen 
when homogenous grafts are used in un­
united fractures.
Hemorrhage
Pommer, in 1920, suggested that trau­
matic hemorrhage into a growing meta- 
physis was the underlying mechanism of
146 CANADIAN JOURNAL OF SURGERY Vol. 7
unicameral bone cyst.8 In the manner of a 
subdural hygroma, the hematoma is organ­
ized and forms a fibrous wall. The clot 
liquefies and water is drawn in through 
the semipermeable membrane, the internal 
pressure increases and the surrounding 
bone is eroded, forming a cyst.
This hypothesis has much to recommend 
it. The pathological process, invoked herein, 
is well established and the histology of uni­
cameral bone cyst is consistent with this 
pathogenesis. The argument repeatedly 
raised against it is that patients with hemo­
philia who have frequent hemorrhages 
show no increased incidence of unicameral 
bone cyst.
Of interest in this connection is the one 
instance in this series of 20 cysts in which 
“spontaneous” enlargement was noted (Fig. 
1). Fracture immediately preceded the ob­
served enlargement and it is therefore pos­
sible that trauma is responsible for the in­
creased size of the cystic lesion. Trauma 
may also be the cause of enlargement in 
lesions persisting after operation. In six 
such cases there appeared to be active en­
largement of the lesion in the months fol­
lowing curettage and bone graft (Fig. 2 ).
Aberration of Bone Growth
The hypothesis, stressed by Jaffe and 
Lichtenstein8 and widely accepted, is that 
of a local disturbance of bone growth. This 
concept was suggested in 1906 by Mikulicz, 
who believed that mechanical trauma to an 
area of bone growth created a defect where 
enchondral bone formation failed to occur, 
resulting in a cyst.8
Lodwick9 regarded the lesion as an aber­
ration of normal reconstruction of the 
metaphysis. McWhirter,10 pursuing this con­
cept, suggested that osteitis fibrosa, cyst 
and giant-cell tumour are a manifestation of 
the same process—an error of bone forma­
tion—and that the behaviour and histologi­
cal appearance of the resultant lesion is de­
pendent upon the local vascularity.
The argument against this “bone-growth” 
theory, which has been repeated many 
times, is that some unicameral bone cysts 
have been known to cross the mid-diaphy­
seal point. McWhirter10 quickly disposes of 
this objection by stating that his observa­
tions of bone growth clearly indicate that
almost the whole length of the humeral 
shaft is formed from the upper epiphyseal 
plate. It is from the humerus that examples 
in the literature are drawn to illustrate this 
point. However on closer examination of 
these examples it is clear that none of these 
cysts progresses beyond the junction of the 
middle and distal thirds of the humerus. 
According to McWhirter,10 such examples 
do not preclude origin of the cyst from the 
upper humeral epiphysis.
Two cases in this series are of interest 
in this regard. In one (Fig. 3 ), the cyst was 
first seen when the patient was four years 
of age; it was adjacent to the upper 
humeral epiphysis. Subsequent films over a 
three-year period showed progression of 
the cyst distally, until it reached a point 
beyond the mid-diaphyseal level. Clearly, 
this point can be reached by a cyst arising 
from the proximal epiphysis. In a second 
case, in which unfortunately only poor 
radiographs were obtained, the cyst 
straddled the mid-diaphyseal point when 
first seen (Fig. 4). Again, this is an indica­
tion that the progression of the lesion 
across the mid-shaft does not rule out the 
growth-aberration hypothesis.
Progression of the cyst “away” from the 
epiphysis, frequently observed in this series 
as in others, does not necessarily demand a 
pathogenetic relationship to bone growth, 
since any local lesion in a growing bone 
would behave this way. It is apparent also 
that whatever defect in the process of bone 
growth exists, it must be very local in place 
and time, for seldom ( if ever) does the cyst 
remain in contact with the epiphyseal plate 
and still extend down the shaft; nor has a 
series of cysts been observed as in meta­
physeal fibrous defect.12,14
If unicameral bone cyst is the result of 
defective bone growth, one might expect 
accompanying alterations in bone length. 
McWhirter10 states that this does occur 
but this phenomenon has not been observed 
in the 20 cases described herein. In two in­
stances in our series the humerus was 
shorter, but only after surgical curettage 
had disturbed the epiphyseal plate. It is of 
interest that following this surgical inter­
ference with the epiphyseal plate, the cysts 
persisted and enlarged.
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Fig. 4.—Unicameral bone cyst straddling the 
mid-diaphyseal point of the femur as it appeared 
when first detected in an 8-year-old boy.
D iscussion
In a consideration of the pathogenesis of 
unicameral bone cyst the following factors 
must be accounted for: (1 ) Failure of bone 
formation; (2) the solitary and local nature 
of the cyst—that is, the fact that bone grows 
normally immediately before and immedi­
ately after cyst formation; (3) the enlarge­
ment and persistence (recurrence) with no 
malignant change except as a result of 
radiation treatment; (4 ) the consistent dis­
parity (with a single exception) between 
the lesion and bacterial infection of bone— 
that is, absence of bacteria, absence of 
bony sclerosis and presence of healthy 
wound healing, and (5 )  the histological 
appearance.
The histological picture of unicameral 
bone cyst is one of indolence rather than 
activity; this observation suggests that de­
creased bone formation rather than over- 
active resorption of bone accounts for the 
bony deficiency. Evidence of resorptive 
activity is nevertheless apparent in the 
presence of giant cells and in the v? cu- 
larity of the lesion. Therefore, there is no 
doubt that whatever the cause, bone is not 
being formed locally in a satisfactory man­
ner and may well be overactively resorbed.
It seems safe also to conclude that a 
solitary cyst cannot be the result of a 
generalized  metabolic disease. Our own 
and other biochemical observations support 
this suggestion. The factors acting in the 
development of a solitary bone cyst must 
have a very local and temporary effect in 
the alteration of environment which pro­
duces defective bone growth. This environ­
mental change must be traumatic in nature 
and include hemorrhage; it may involve 
infection or an unknown agent which 
allows uncontrolled neoplastic proliferation.
Neither the clinical behaviour nor the 
histological appearance of the cysts suggest 
that the basic defect is uncontrolled neo­
plastic proliferation. Malignant change has 
been reported in a few instances, all in 
connection with radiation treatment. The 
enlargement and persistence of lesions can 
easily be accounted for on other grounds, 
such as surgical curettage, fracture with 
hemorrhage, or overactive resorption of 
bone in the presence of defective bone 
formation.
Infection will continue to be brought into 
discussions of the etiology and pathogenesis 
of this lesion but it is clear that its cham­
pions are on the defensive and can muster 
only negative arguments in its favour. 
Bacteriological proof is almost completely 
lacking and that which is recorded in the 
literature is suspect on the basis of possible 
contamination or misdiagnosis.
Finally, the histological appearance must 
be considered (Fig. 5 ) ;  I believe that it
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Fig. 5.—Typical histology of unicameral bone cyst. A folded, connective-tissue membrane is 
seen surrounded by areas of hemorrhage, multinuclear giant cells and a sprinkling of small round cells.
represents simply the potential of bone to 
respond to any one of many stresses. The 
microscopical picture is not one of cellular 
proliferation and liquefaction necrosis 
which is characteristic of new growth. 
Although the histological picture is not 
that of trauma—that is, fracture callus—it is 
possible that trauma at the cellular level 
could induce these changes in bone growth 
and development. Similarly, it is conceiv­
able that hemorrhage could induce this 
histological reaction, although a more con­
sistent fibrous membrane lining of the cyst 
would be expected. Evidence of hemor­
rhage is a constant finding histologically, 
and the deposition of hemosiderin with 
giant-cell reaction is also a frequent finding.
The evidence of bacterial infection on 
histological examination is largely negative. 
The sparse accumulation of small round 
cells described is common to many non- 
baeterial lesions. The bone reaction is quite 
unlike that commonly associated with in­
fection. Chronic low-grade infection, as 
seen in a Brodie’s abscess, usually produces
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Fig. 6.—Diagrammatic representation of bone 
growth and moulding. Imbalance of bone forma­
tion and resorption results in cyst formation. (Re­
produced by kind permission of the author, Dr. 
A. W. Ham, and the Editor of the Journal o f 
B on e and Join t Surgery, 34-A: 701, 1952.)
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a degree of sclerosis not seen in unicameral 
bone cyst.Are the five criteria (mentioned in the first paragraph of the discussion) fulfilled by the hypothesis of growth aberration as the mechanism of cyst development? Fig. 6 shows diagrammatically what the mould­
ing process that occurs during bone growth must accomplish. A large solid disc or 
plaque of hyaline cartilage is continuously converted to a narrower ring of bone which 
in turn is continuously being transformed 
into a larger ring of bone as growth occurs. 
These changes are accomplished by en- 
chondral ossification of the cartilage disc, 
appositional (periosteal) bone formation 
and medullary bone destruction, all taking 
place at different times in different places. 
Overactive dissolution of the cartilage 
columns, overactive medullary formation, 
or failure of adequate periosteal bone for­mation would result in a rounded lytic lesion in the metaphysis, progressively en­
larging with bone growth and with pro­
gressive thinning of its cortex. With cessa­tion of the initiating agent, the lesion would 
separate from the epiphyseal plate. Such a lesion would be sterile and would show 
aborted attempts at bone formation with cells typical of bone destruction—osteo­
clasts. The fragility of the tissues surround­
ing such an area undoubtedly would allow minor and major fracture, hemorrhage and 
subsequent conversion of the detritus to 
serous fluid and hemosiderin pigment.
Summary and C onclusions
From a consideration of the literature 
concerning the pathogenesis of unicameral 
bone cyst, in relation to a detailed review 
of personal cases, it is concluded that the 
lesion is a product of a local aberration of bone growth. The lesion has its ultimate 
expression as a disturbance of the moulding 
process in the metaphysis of long bones but can occur in flat bones wherever an 
epiphysis or apophysis occurs. It is con­sidered that this hypothesis satisfies the observed criteria for the diagnosis of uni­
cameral bone cyst.There is no positive evidence favouring a neoplastic, infective or metabolic origin 
for the lesion. Much of the evidence sup­ports the concept of Mikulicz that trauma
is the initial etiological agent; however, other evidence indicates that Pommer’s sug­gestion concerning the importance of 
hemorrhage may also be valid.It is proposed that both trauma and hemorrhage in a proper degree at the 
appropriate site and time can give rise to the altered local growth that we recognize 
as unicameral bone cyst.
I am indebted to Drs. A. M. Inglis, F. C. Pres­ton, C. S. Allen, W. J. Thompson, B. D. Proster- man and H. H. Boucher for permission to use their case material for this study, and to the Departments of Medical Illustration of the Uni­versity of British Columbia and the British Col­umbia Cancer Institute. My thanks are due also to Professor F. P. Patterson for his constant ad­vice and encouragement.
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R e s u m e
Le mot anglais “unicameral”, employe ici par 
l’auteur, est peu usite et pratiquement impossible 
,  traduire en fran§ais. II vient du mot italien 
“camera” (qui signifie “chambre”) et designe, 
dans le cas present, un genre de kyste osseux 
forme par “une seule chambre”, soit a cavite 
unique. Dans ce resume, on utilisera 1’expression 
“kyste simple” pour traduire “unicameral cyst”. 
L ’origine des kystes simples osseux a donne lieu 
a de nombreuses discussions, et est encore peu 
claire. La lesion a ete decrite en 1876 par Vir­
chow. Pommer pensait que la cause etait une he- 
morragie intra-osseuse consecutive a un trauma- 
tisme. D ’autres ont soutenu une etiologie infec- 
tieuse et la presence de germes a ete rapportee. 
On a aussi invoque une dystrophie osseuse loca-
lisee. L ’auteur decrit ici un groupe de 30 de ces 
cas. Ce groupe est constitue par 14 patients du 
sexe masculin et six du sexe feminin; les ages 
varient entre trois et 19 ans, a l’exception d’un 
cas isole d’un homme de 54 ans. Tous les cas 
presentent une histoire clinique, radiologique et 
anatomo-pathologique complete et certaine. Les 
localisations des lesions sont: les metaphyses fe- 
morale et humerale, la partie inferieure du radius, 
de 1’humerus, la diaphyse humerale, la partie in­
ferieure du tibia, la diaphyse du femur et de la 
clavicule. Les symptomes eliniques furent la 
douleur ou l’apparition d’une fracture patholo- 
gique; en aucun cas, il n’y eut de metastases ou 
devolution maligne. Les epreuves de laboratoire 
portant sur les dosages du calcium sanguin, du 
phosphore serique, et de la phosphatase alcaline 
se revelerent normales. Du point de vue histo- 
logique, ces kystes simples ne montrent aucune 
image de croissance recente, rien non plus qui 
rappelle la formation d’un cal. Un certain degre 
d’hemorragie a ete trouve de fayon constante, ainsi 
que des cellules geantes chargees d’hemosiderine. 
Les tests visant a detecter une origine infectieuse 
ont tous ete negatifs.
NEURORADIOLOGY WORKSHOP. Vol. II: In­
tracranial Tumours Other Than Meningiomas. 
Leo M. Davidoff, Harold G. Jacobson and 
Harry M. Zimmerman. 402 pp. Illust. Grune & 
Stratton, New York; The Ryerson Press, Toronto, 
1963. $27.50.
Volume II of the “Neuroradiology Workshop” 
consists of case conferences devoted to intra­
cranial tumours other than meningiomas. Ed­
ited by three distinguished authorities, the 
book is organized on a histological basis. The 
cases are grouped anatomically and an attempt 
has been made to select those with atypical 
features. The book is profusely illustrated by 
plain skull films, angiograms and air studies, 
as well as slides of bistological material.
However, the presentation would have bene­
fited from considerable editing and rewriting. 
For instance the Ruggiero-Castellano line is 
poorly explained owing to the omission of the 
words “tangential to the anterior-inferior part 
of the third ventricle”. Emphasis is sometimes 
misplaced. For example, on page 6: “On plain 
roentgenograms of the skull, no abnormality 
is seen except for displacement of the calcified 
pineal gland 4-5 mm. . . . and on page 
168: “A right lateral plain skull roentgeno­
gram shows nothing abnormal except for a 
typical ‘J ’-shaped sella . . .”.
In a “neuroradiological workshop” the il­
lustrations must be perfect. Unfortunately, 
many reproductions are poor and inadequately 
cropped. The pathological slides, on the other 
hand, are excellent. It is also disappointing
to read recurrent apologia for inadequate ex­
aminations.
This reviewer enjoyed a number of sections; 
the discussion of pneumoencephalography ver­
sus angiography and the pathological discus­
sions are by far the best features of 
the book. Interesting items of information are 
included, such as, that Harvey Cushing had 
a small incipient colloid cyst of the third ven­
tricle.
TH E STORY O F WOUND HEALING AND
WOUND REPAIR. Allen O. Whipple. 135 pp.
Illust. Charles C Thomas, Springfield, 111.; The
Ryerson Press, Toronto, 1963. $6.80.
This monograph traces the course of surgery 
from prehistoric times to the present. Contri­
butions from the Middle East, India, China 
and Greece are noted. An excellent account 
then follows of the philosopher-physicians, in­
cluding Hippocrates and Galen. Sections fol­
lowing are devoted to surgery from the six­
teenth to nineteenth centuries. The final chap­
ters recall the contributions of anesthesia and 
antisepsis, “two discoveries that revolutionized 
surgery”.
Factors which have at various periods in 
history resulted in the advancement of medi­
cine and surgery, including social and econom­
ic conditions and wars, are reviewed.
In the reviewer’s opinion, this is an excel­
lent book, well written and adequately illus­
trated. It should be of interest to all surgeons 
and surgeons-in-training.
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VAGOTOMY IN THE TREATMENT OF GASTROJEJUNAL 
ULCERATION AFTER ADEQUATE PARTIAL GASTRECTOMY0
D. J. SCOTT, M.D., F.R.C.S.[C]t and A. W. HARRISON, M.D., F.R.C.S.[C], Toronto
T h e  in cidence of gastrojejunal (stomal) 
ulceration after partial gastrectomy of the 
Polya type for duodenal ulcer is variably 
reported to be between 1% and 5%. 
Walters and Lynn5 of the Mayo Clinic give 
an incidence of 3.7% of proved stomal 
vdcers and an additional 1.6% of suspected 
stomal ulcers in a series of 729 patients 
with partial gastrectomy followed-up at 
that institution.
In the presence of a previously adequate 
partial gastrectomy (a subtotal or two- 
thirds resection of the stomach), a further 
resection of the gastric pouch is attended 
by a significant increase in the post-gastrec­
tomy symptoms and by an increased inci­
dence of operative mortality—15.3% in a 
group of 27 patients reported by the Mayo 
Clinic.5 For these reasons most surgeons 
prefer to carry out a vagotomy, a simpler 
procedure, in the treatment of stomal ulcer­
ation.
We have had the opportunity of investi­
gating 19 patients treated by vagotomy for 
gastrojejunal ulceration. In each case the 
stomal ulcer was a late complication of an 
adequate Polya subtotal gastrectomy. All 
of the patients in this review were men, 
ranging in age from 31 to 70 years. The 
onset of symptoms indicative of a stomal 
ulcer occurred three months to nine years 
after partial gastrectomy, an average of 3.6 
years. Pain was the major symptom in 18 
of the 19 patients. Eleven of the group had 
had significant upper gastrointestinal bleed­
ing. Perforation occurred in four patients. 
In 12 of the 19 a barium meal confirmed 
the diagnosis; in two more, a definite stomal 
ulcer was seen on gastroscopic examination. 
Of the remaining five patients, the diag­
nosis was made solely on clinical grounds. 
Free hydrochloric acid was demonstrated 
in 18 of the 19 patients by histamine test- 
meal.
“General Surgical Service, Sunnybrook D.V.A. 
Hospital, Toronto.
tPresent address: 33 First Street, Orangeville, 
Ont.
Vagotomy was accomplished by the 
transthoracic approach in 17 patients and 
by the transabdominal approach in two. 
The transabdominal route was chosen on 
two occasions because of the presence of 
other intra-abdominal pathology. There was 
no operative mortality. Some postoperative 
morbidity was noted in a small number of 
patients. Pulmonary atelectasis developed 
in one patient and a postoperative pleural 
cutaneous fistula developed in a second. 
Both of these complications were success­
fully managed. Post-thoracotomy incisional 
pain occurred in three patients but this was 
not incapacitating and improved with the 
passage of time.
R e su lt s  o f  Vagotom y
The 19 patients in this review have been 
followed-up from nine months to nine 
years, and 80% of the group were followed- 
up for at least three years. None has been 
lost to follow-up examination and all have 
been recently reviewed.
The patients in the series were carefully 
assessed with regard to the following fea­
tures: (1 ) Persistence or recurrence of
stomal ulcer; (2) results of postoperative 
Hollander insulin test-meal, and (3 ) 
secondary effects of vagotomy.
Persistence or recurrence of the stomal 
ulcer occurred in three patients. Abdominal 
pain similar to the “ulcer” pain experienced 
before the vagotomy was present in each 
instance. Major bleeding occurred in one. 
A barium meal revealed a persistent ulcer 
in one patient, a recurrent ulcer in a second 
and a gastrojejunocolic fistula in a third. 
All three cases of recurrent stomal ulcera­
tion developed within two years after 
vagotomy. A brief summary of these three 
cases is given.
C ase 1.— A two-thirds partial gastrectomy 
was performed upon a 43-year-old salesman 
in 1958 because of intractable ulcer pain and 
recurrent upper gastrointestinal bleeding. 
Within three months he suffered perforation
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of a stomal ulcer and an operative closure 
was carried out. A gastrojejunocolic fistula 
subsequently developed, which was treated 
by means of a two-stage repair of the fistula 
and a further resection of stomach. A second 
recurrent ulcer occurred within a year, char­
acterized by pain and episodes of melena. A 
transthoracic vagotomy was performed. During 
the 18 months following the operation the pa­
tient experienced recurrent pain and episodes 
of melena. Again the barium meal demon­
strated a large ulcer crater adjacent to the 
gastrojejunostomy stoma (Fig. 1). Repeated 
Hollander insulin test meals demonstrated free 
hydrochloric acid on every occasion. Finally, 
in July 1962 a laparotomy was performed. No 
antral segment or pancreatic tumour was 
found. A huge stomal ulcer was demonstrated 
which extended into the hilum of the spleen. 
Total gastrectomy, splenectomy and partial 
pancreatectomy was carried out. An esophago- 
jejunal reconstruction with enteroenterostomy 
was accomplished. At the six months’ follow­
up examination the patient was back at work 
and symptomless, except for inability to gain 
weight and mild postprandial vasomotor symp­
toms.
C a s e  2.-— Intractable pain of a chronic duo­
denal ulcer in a 44-year-old clerk was the 
indication in 1956 for an adequate partial 
gastrectomy. One year later an enteroenter­
ostomy was performed because of severe vom­
iting of bile. Within two years a stomal ulcer 
developed. The presence of the recurrent ulcer 
was confirmed radiologically and a transthor­
acic vagotomy was performed in 1959. A 
Hollander insulin test meal was negative in 
the immediate postoperative period. Over the 
course of the next three years, a progressive 
stenosis of the gastrojejunostomy stoma de­
veloped, accompanied by increasing symptoms 
of obstruction (Fig. 2 ) . In January 1962 the 
patient noted a recurrence of “ulcer pain”. A 
barium meal confirmed the presence of a re­
current stomal ulcer (Fig. 3 ). The insulin test 
meal was now positive for free hydrochloric 
acid. Laparotomy was carried out in June 
1962. No antral segment was found. The 
stomal ulcer was demonstrated. The pancreas 
was normal. A nine-tenths’ gastrectomy was 
performed. At the six months’ follow-up ex­
amination, the patient had gained 18 lb. and 
was well except for moderate post-gastrectomy 
symptoms.
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Fig. 4.—Gastrojejunocolic fistula in Case 3 dem­
onstrated by means of a barium enema. Antero­
posterior view.
Case 3.— In 1952 a partial gastrectomy was 
performed upon a 52-year-old salesman for 
the relief of obstruction from a post-bulbar 
duodenal ulcer. Within three years he devel­
oped a stomal ulcer. This was proved radio- 
logically but he refused surgical intervention 
until several episodes of bleeding forced him 
to reconsider his decision. In May 1961 a 
transabdominal vagotomy was performed. At
Fig. 5.—Gastrojejunocolic fistula in Case 3 dem­
onstrated by means of a barium enema. Lateral 
view.
Fig. 2.—The progressive stenosis of the gastro- 
jejunal stoma after healing of the stomal ulcer in 
Case 2.
Fig. 3.—Recurrence of the stomal ulcer in Case 
2 after transthoracic vagotomy.
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the time of operation, an inflammatory mass was present in the region of the gastrojejun­ostomy stoma and was adherent to the adjac­ent portion of the transverse colon. A Hol­lander insulin test meal performed in the postoperative period was negative for free hydrochloric acid. In the first six months a significant degree of stomal stenosis occurred and within a year following the operation a gastrojejunocolic fistula developed (Figs. 4 and 5). Further operation has so far been refused by the patient.
L aboratory Investigations
Insulin test meals were carried out on 
all 19 patients at intervals after vagotomy, 
as originally described by Hollander2 in 
1948. In order to insure the collection of 
gastric juices, a metal-tipped Levin tube 
was passed into the gastric remnant under 
fluoroscopic control. The results of the test 
meals were as follows: Ten patients had a 
persistently negative test on repeated ex­
aminations. Seven developed a positive in­sulin test meal after an initial negative test 
meal in the interval since vagotomy, only 
one of whom has a proved recurrence 
of stomal ulceration (Case 2). Of the re­
maining two patients, one (Case 1) has 
shown a persistently positive test in spite of vagotomy, and the other (Case 3) is 
assumed to have developed free hydro­chloric acid in the gastric remnant in the 
year since vagotomy, in view of the now 
demonstrable gastrojejunocolic fistula.
The secondary effects of vagotomy in­cluded belching, foul breath and episodes 
of malodorous diarrhea. On direct question- 
ing, belching was present in nine patients 
and diarrhea in 11. Diarrhea was character­
istically intermittent and explosive in onset. 
It constituted a significant inconvenience to three patients. The degree of disability from these two symptoms, however, was 
quite variable and in no instance disabling 
from the standpoint of employment.
D iscussion
The etiology and pathogenesis of peptic ulcer is still unknown but it is accepted that hyperacidity plays a major role. It is well recognized that an inadequate gastric resection or retained antral segment is attended by an increased incidence of
stomal ulcer, related to the persistent hyperacidity in the gastric remnant. In all 19 cases reviewed, it was felt that an ade­quate gastric resection had been performed 
in each instance. This fact was confirmed by a review of the operative notes of the 
11 gastrectomies performed in this hospital, 
and by the radiological demonstration of a small gastric remnant in all 19 cases.
The average time of onset of stomal ulcer 
after partial gastrectomy in the series was
3.6 years and is comparable to the figure of
3.7 years noted in the Mayo Clinic group4 
of 115 patients with stomal ulcer. This 
figure is in contrast to an average of 11.2 
years, the time required for stomal ulcer 
to develop after a gastroenterostomy alone, 
noted in 186 cases also followed at the 
Mayo Clinic. The significant difference in 
the time of onset of a stomal ulcer after 
a partial gastrectomy and after a gastro­
enterostomy alone has been noted by a number of surgeons, but no adequate 
reason has been advanced for this differ­
ence.
The difficulty in confirming a diagnosis 
of stomal ulcer is evident from the rela­
tively low incidence of positive diagnosis with a barium meal and gastroscopic ex­
aminations. A radiological diagnosis of 
stomal ulcer was made in only 50% of the 
Mayo Clinic series4 and in 67% of the Lahey Clinic series. In the 19 cases in this 
series a recurrent ulcer was demonstrated 
by barium meal in 12. Gastroscopic ex­
amination gave an even smaller incidence 
of positive diagnoses. In only three 
patients could a definite ulcer be confirmed. 
Most endoscopists are of the opinion that 
persistent closure of the stoma, that is, spasm, is highly suspicious of a stomal 
ulcer. In this review five additional patients 
demonstrated this finding.
It has been our experience that there is 
no significant difference in the effect pro­
duced by a transthoracic or transabdominal vagotomy, as long as a complete vagotomy is accomplished. It is well recognized that 
the vagus nerve tends to divide into branches in the region of the esophageal hiatus and therefore more care is required to ensure a complete vagotomy by the transabdominal route. Complete section may be assisted by a generous mobilization
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of the lower end of the esophagus. How­
ever, the presence of adhesions from the 
previous operation might create some tech­
nical difficulty. In spite of the obvious ad­
vantage of being in a position to confirm 
the pathology for which one is operating, 
we prefer the transthoracic approach be­
cause of its relative ease and the technical 
simplicity of the vagotomy. The incidence 
of postoperative thoracotomy incisional pain 
has not been a significant problem and 
therefore does not constitute any deterrent 
to the future use of the transthoracic ap­
proach. In the presence of an adequate 
partial gastrectomy, we employ the trans­
abdominal approach only when other ab­
dominal pathology is present, when an 
ulcerogenic pancreatic tumour is suspected, 
or the diagnosis of stomal ulcer is in some 
doubt.
Three of the patients in this series had 
a proved recurrent stomal ulcer, an inci­
dence of 15.7%. This figure is comparable 
to the 18% recurrence reported from the 
Mayo Clinic in a series of 78 cases, and 
15% among 20 patients at St. Luke’s Hos­
pital, New York.3 The incidence of recur­
rence of stomal ulcer after vagotomy is 
higher than the occurrence of stomal ulcera­
tion following adequate Polya gastrectomy 
for duodenal ulcer. In our series this re­
currence developed within two years in 
contrast to the later development of stomal 
ulceration after partial gastrectomy (3.6 
years) and simple gastroenterostomy (11.2 
years).
There has been some controversy in the 
literature concerning the correlation be­
tween the results of the insulin test meal 
and the presence of recurrent ulcer symp­
toms. In the group reported from the Mayo 
Clinic,4 10 patients demonstrated a positive 
insulin test meal in the follow-up examina­
tion, but only half of this number were 
suspected of having or proved to have a 
recurrence of the stomal ulceration. Our 
results support this observation since only 
two of the eight patients in the series with 
reversal of the insulin test meal had clinical 
and radiological evidence of a recurrent or 
persistent stomal ulcer. These observations, 
however, are in contrast to those from St. 
Luke’s Hospital, New York,3 in which all 
three patients with a reversal of the insulin
test meal 18 months to six years after 
vagotomy developed a proved recurrent 
stomal ulcer. An explanation for this ap­
parent difference may become evident 
with a longer follow-up period.
The permanence of vagotomy must be 
questioned in the light of the results of the 
Hollander insulin test meals. Most of those 
writing on this subject, including Drag- 
stedt,1 are of the opinion that the reversal 
of the Hollander insulin test meal is not 
due to regeneration of the vagus nerves. 
It has been postulated by Knox and West 
of St. Luke’s Hospital, New York,3 that this 
phenomenon may represent a return of 
function of the incompletely severed vagi 
or that the parasympathetic innervation of 
the stomach is achieved through collateral 
nerve fibres which begin to function as a 
result of the transection of the vagus nerves. 
In the absence of suspected ulcerogenic 
tumours, the latter explanation would ap­
pear to be the most promising.
Belching and diarrhea, the secondary 
effects of vagotomy, were noted to be fre­
quent complaints in this review, but in no 
instance were they disabling from the 
standpoint of employment. The actual 
cause of the belching and diarrhea is still 
a matter of speculation. The most reason­
able explanation, advanced by Dragstedt,1 
is that these symptoms are due to the ir­
ritating effect of the bacterial putrefaction 
of food which develops from the abnormal 
gastrointestinal stasis secondary to the 
vagotomy. This opinion is supported by 
the frequent improvement in the diarrhea 
when oral antibiotic therapy is adminis­
tered.
In this series vagotomy had no effect on 
the pre-existing post-gastrectomy symp­
toms; this is the observation of most sur­
geons.
Su m m a r y  and C onclusions
Vagotomy was carried out as a curative 
procedure for gastrojejunal ulcer in 19 
patients. In each case the stomal ulcer 
had complicated an adequate sub­
total (two-thirds) Polya gastrectomy. Vag­
otomy was performed by a transthoracic 
approach in 17 patients; the abdominal 
approach was reserved for those patients 
in whom it was necessary to confirm the
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diagnosis or to exclude other intra-abdomi­
nal pathology.
The follow-up period varied in length 
from nine months to nine years. In 15 
patients (8 0% )  the follow-up study was 
at least three years. A recurrent stomal 
ulceration developed in three of the 19 
patients ( 15 % ) ,  and in each case the re­
currence developed within two years of the 
vagotomy.
Hollander insulin test meals were carried 
out at intervals after vagotomy in all 19 
patients. In eight patients there was a re­
turn of free hydrochloric acid in the gastric 
remnant. Only two of this group have 
shown evidence of a recurrent stomal ulcer. 
In one patient the test remained positive 
in spite of a transthoracic vagotomy. The 
stomal ulcer failed to heal in this patient.
Malodorous diarrhea and foul breath 
were the main disabilities attending vago­
tomy. In most patients these symptoms 
were transient and only constituted a signi­
ficant inconvenience to three of the 19 
patients. As a result of this review, it is 
suggested that vagotomy should still be 
considered as the treatment of choice in 
gastrojejunal (stomal) ulcer.
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R e su m e
Le frequence des ulceres gastrojejunaux apres 
resection gastrique partielle type Polya est estimee 
entre 1% et 5%, selon les sources. L’experience de- 
montre que le traitement de tels ulceres par une 
extension de la resection dans un temps uiterieur, 
se traduit par une augmentation nette de la mor­
tality. C’est la raison pour laquelle beaucoup de 
chirurgiens preferent aujourd'hui s’adresser a la 
vagotomie. Les auteurs presentent les resultats 
d’une etude faite sur 19 malades dans ce cas. 
Chez tous, l’ulcere present etait secondaire a une 
gastrectomie sub-totale selon Polya, effectuee an- 
terieurement. Tous les patients etaient des 
hommes, dont les ages variaient entre 31 et 70 
ans. Le symptome cardinal etait une douleur ap- 
parue entre trois mois et neuf ans apres la pre­
miere resection. Chez 12 malades, le diagnostic 
put etre confirme par le transit baryte; chez deux 
autres, par gastroscopie, et chez les cinq restants 
il fut seulement clinique. La vagotomie fut effec­
tuee par voie thoracique chez 17 patients et par 
voie abdominale chez les deux autres. La mortali­
ty operatoire fut nulle. Les resultats furent esti- 
mes en tenant compte des facteurs suivants: per­
sistence ou reapparition d’un ulcere gastrique; 
resultat du repas-epreuve de Hollander a l’insu- 
line; enfin les effets secondaires de la vagotomie. 
On trouva un cas d’ulcere persistant, un cas de 
recidive ulcereuse et un cas de fistulisation gastro- 
jejuno-colique. Les histoires de ces cas sont pre­
sentees en resume. Les examens de laboratoires 
montrerent un test de Hollander negatif chez 10 
malades; il devint lentement positif chez sept 
autres, et enfin il ne fut jamais negatif chez les 
deux demiers. Les effets secondaires de la vago­
tomie furent du ballonnement et des diarrhees; 
ces demieres etaient tres fortes et soudaines et 
furent d’un reel inconvenient chez trois malades. 
Les auteurs ont trouve des resultats tres sem- 
blables apres vagotomie thoracique ou abdomi­
nale, a condition que la section nerveuse soit 
reelle. La voie thoracique a ete trouvee preferable. 
La voie abdominale est surtout indiquee lorsque 
l’on envisage de proceder a une exploration de 
l’abdomen; la vagotomie est generalement rendue 
difficile par la presence d’adherences anciennes 
dues a la premiere intervention. On peut avoir 
quelques idees sur la permanence de la vagotomie 
par la pratique du test de Hollander; cependant, 
selon Dragstedt, le changement de signe de cette 
epreuve ne signifie pas forcement que la regenera­
tion vague se fait; il a ete suggere que cela pou- 
vait peut-etre correspondre a une reprise de fonc- 
tion dans quelques fibres vagues mal sectionnees, 
ou encore de fibres collaterales. La cause exacte 
du ballonnement et de la diarrhee n’est pas con- 
nue. En conclusion, les auteurs considerent que 
la vagotomie constitue le traitement chirurgical de 
choix des ulceres gastrojejunaux.
April 1964 TENNIS LEG 157
TENNIS LEG°
W. HARRY FAHRNI, M.D., M.Ch.Orth.(Liv.), F.R.C.S.(Ed.), F.R.C.S.[GJ,
Vancouver, B.C.
T he diagnosis of tennis leg usually is made when an adult comes down heavily on one 
foot and experiences a sudden pain in the back of the calf, often so acute in onset 
that the individual feels he has been struck. 
This is followed by pain in the leg, confined 
to the calf and associated with swelling of 
varying degree. It is difficult to bring the 
heel down to the floor and equally difficult 
to stand up on the toe, but considerable re­
lief usually is attained by elevating the heel 
of the shoe on the affected side. The symp­
toms then gradually subside over a period of days or weeks.
For many years the condition has been 
attributed to a rupture of the plantaris tendon in the calf, but more recently the 
suggestion has been advanced that the 
gastrocnemius muscle is the site of the lesion; rupture of a “few fibres of the 
gastrocnemius” has been accepted as a satisfactory explanation of the syndrome.
On several occasions over the past few 
years, I have noted an asymmetrical con­tour of the calf characterized by an un­
usually high location of the bulge of the 
medial head of the gastrocnemius muscle. On each occasion noted, this was unilateral 
(Figs. 1 and 2). On questioning three 
patients with this finding, a history con­
sistent with that usually given for tennis leg 
was obtained. In each case the injury was 
remembered, but was classified as mild, 
running the usual course, completely 
clearing up within two or three weeks and 
giving no subsequent trouble.
Several more cases, illustrative of this 
condition, were subsequently seen.
Case 1.—Mrs. M. was sent to my office by her local doctor complaining of pain in the left calf which was swollen. This pain came on suddenly when she stepped down from a curb, landing heavily on her heel. The immediate onset of pain and rapid develop­ment of swelling prevented her from walking for two days, but at the end of this period, although the pain had not eased, she found
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that by placing her foot in a particular posi­tion (Fig. 3) she could walk, although with 
considerable difficulty. However, it was im­possible for her to put the heel down or to rise up on the toes of the affected extremity while weight-bearing. She could only bear her 
weight if she carried herself on the ball of the foot, after the ankle had been placed in the position of full plantar flexion. She had been 
getting around in this manner until her visit 
to me and had been unable to return to her regular job as a waitress. Examination showed a markedly swollen calf in which no palpable masses were evident; the entire swollen area from mid-calf to malleolar level was tender. 
Maximum tenderness was present over a trans­verse line at approximately the junction of the 
lower and middle-thirds of the calf on its medial aspect but not on the lateral aspect. This tenderness was located in the approxi­mate area of the inferior border of the gas­trocnemius muscle bulge. On exploration a large hematoma was encountered initially, which evacuated itself under considerable pressure. Beneath the hematoma a complete separation of the inferior attachment of the medial head of the gastrocnemius from its underlying soleus aponeurosis was discovered. It was not difficult to suture the muscle back 
to its normal position of attachment with the foot in full plantar flexion, because the aponeu­rotic covering of the muscle allowed adequate retention of the silk sutures. A plaster cast was applied with the foot in partial plantar flex­
ion. Rapid and uncomplicated recovery took 
place following removal of the plaster after three weeks.
Case 2.— Mr. T., a fireman, in the course 
of his duties carried a hose into a burning building. He encountered a locked door and kicked it once (Fig. 4). The door did not open, so he kicked it again more violently, felt a sudden pain in the calf and was able to get out of the building only with considerable difficulty. When examined on the following day he had marked pain and swelling in the right calf. Through the swelling, however, the displaced inferior border of the medial head of the gastrocnemius muscle could be felt; there was marked tenderness in the transverse line of this attachment. The calf was explored using a midline incision. Findings similar to those described in Case 1 were found, the in-
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Fig. 1 Fig. 2
Figs. 1 and 2.—Photographs of asymptomatic lesion seen on a routine examination of 
a patient who gave a history of injury 15 years previously.
ferior attachment of the medial head of gas­
trocnemius being neatly and completely de­
tached from the underlying soleus tendon.
A n a t o m ic a l  R e v ie w
The material in this section was derived 
from anatomical dissection in the postmor­
tem room where a lesion was reproduced 
artificially in the light of experience gained 
through the two operative cases described 
above.
The external surface of the gastrocne­
mius muscle has no fascial investment but 
its deep surface is firmly adherent to its 
heavy aponeurotic sheet which fuses with 
the underlying aponeurosis of the soleus 
muscle (Fig. 5). The area of fusion of the 
layers is the site of avulsion of the gastro­
cnemius; both the aponeurotic layer and its 
overlying muscle separate from their attach­
ment, leaving only a few stubby fibres on 
the soleus to indicate where the separation 
took place.
At the time of operative exposure in 
Cases 1 and 2, it was found that when the 
knee was flexed to a right angle and the 
foot placed in full plantar flexion, the 
gastrocnemius moved distally to its normal 
position, completely approximating to the 
site of detachment from the soleus apo­
neurosis. It was interesting that this posture 
coincided exactly with that which Mrs. M. 
found allowed her to walk when no other 
position of the foot was tolerable. The 
plaster was therefore applied in this posi­
tion (Fig. 6), which maintained the foot in 
full plantar flexion but left the ball of the 
foot free so that weight could be taken 
upon it without the necessity of a rein­
forced sole or a walking heel. The plaster 
was removed within three weeks and nor­
mal function was rapidly regained.
C ase 3.— Mrs. X ., a housewife, presented a 
typical history of “tennis leg”, and had a mild 
swelling with the usual linear tenderness along 
the inferior margin of the medial head of the
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Fig. 3.—Foot position which allows weight­bearing without active contraction of calf muscle.
Fig. 4.—Note dorsiflexed position of foot w kicking.
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Fig. 5.—Anatomical drawing of artificially pro­duced lesion after dissection.
gastrocnemius, which was elevated approxi­
mately 1" from its usual position. This woman 
was able to walk in a fairly high heel so she 
was advised that no treatment was necessary 
other than that required for relief of pain; she 
was told that a satisfactory result could be ex­
pected within a very few weeks. However, on 
being instructed that the bulge of the gastroc­
nemius muscle would be slightly higher on the 
affected side than on the normal side, she 
elected to have further treatment to prevent 
this asymmetry of her calves. She was there­
fore treated in a plaster cast similar to that 
which had been used for Mr. T. (Case 2). 
She was able to walk well in the plaster, had 
no pain and showed a normally placed medial 
head of the gastrocnemius when the plaster 
was removed after three weeks.
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Fig. 6.—Type of plaster cast used for weight­
bearing with relaxed calf muscle.
Most of the patients seen subsequently 
have been treated simply by reassurance 
and an elevated heel, but a plaster cast has 
been used in certain instances.
On reviewing the literature, only one 
similar report was found; Arner and Lind- 
holm1 in 1958 recorded 20 cases of rupture 
of the medial head of the gastrocnemius, 
five of which were opened and sutured.
Su m m ary  and Conclusion
It would appear probable that all 
cases hereto diagnosed as “tennis leg” or 
plantaris rupture actually consist of a 
separation of the inferior attachment of the 
medial head of the gastrocnemius to the 
underlying soleus aponeurosis. Elevation of 
the heel and anodynes as required are 
usually sufficient treatment and a normal 
functional result can be expected after two 
to three weeks.
Certain instances of this injury, however, 
require complete relaxation and reposition­
ing of the torn muscle. This can be accom­
plished by applying a below-knee plaster 
with the foot in full plantar flexion and 
leaving the ball of the foot uncovered for 
weight-bearing. Patients who require this 
treatment are as follows: Those in whom 
the pain is insufficiently relieved by a heel- 
lift; those in whom the resulting disability 
is too great to allow continuation of regular 
employment without the support of a cast; 
those who wish to avoid the asymmetry 
of the calves which results when treatment 
with an immobilizing plaster is not used.
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Resume
Le diagnostic de “ tennis leg” se rapporte 
une douleur subite dans la partie posterieure du 
mollet, survenant a la suite d’une chute lourde 
sur un pied; ulterieurement, cette douleur per- 
siste, restant localisee au meme endroit et une 
endure, d’importance variable, apparait. Pendant 
longtemps, cette situation a ete consideree comme 
ayant pour origine une rupture du tendon du 
plantaire grele, mais il semble aussi que des le­
sions du muscle jumeau puisse aboutir au meme 
resultat. C’est la raison pour laquelle, on a parle 
recemment de “ rupture de quelques fibres des 
jumeaux” . L’auteur presente trois cas de ce genre. 
II s’agit de deux femmes et d’un homme, dont les 
histoires sont tres semblables. L ’interet en reside 
dans le fait qu’ils ont ete operes, ce qui a permis 
d’examiner les lesions en detail. Dans le premier 
cas, par exemple, 1’exploration permit de deoouvrir 
un large hematome, situe dans les masses muscu- 
laires, juste a l’insertion de la partie interne du 
jumeau sur 1’aponevrose soleaire; l’hematome fut 
evacue et le muscle suture a sa place normale. 
Une guerison rapide, consolidee par le port d’un 
platre, s’ensuivit. D ’apres ces observations, et 
d’apres des experiences faites sur le cadavre, il 
semble bien que le syndrome “ tennis leg” puisse 
etre explique par une desinsertion du jumeau de 
l’aponevrose soleaire. Dans la majorite des cas, 
la simple elevation du talon peut etre un traite- 
ment suffisant. Dans les cas plus graves, une ex­
ploration suivie de suture et de reparation des 
degats peut s’imposer; dans d’autres enfin, un 
platre devra etre applique, pour maintenir le 
pied en flexion plantaire complete. Les indications 
de ces differents traitements dependront de la 
persistance de la douleur, de la profession du 
malade (dans certains cas, le malade peut etre 
oblige d’interrompre son travail, s’il a a rester 
debout), et enfin de considerations esthetiques: 
il existe en effet, apres cette dechirure, une asyme- 
trie des mollets, causee par la remontee de la 
saillie du jumeau interne vers le haut, qui est 
susceptible de correction.
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THE INCOMPETENT CERVIX0
G. J. QUIGLEY, M.D., M.R.C.O.G., F.R.C.S.[C]t and F. S. LYNES, M.D.,t
Hamilton, Ont.
Since the publications of Palmer and La- 
comme in France,14 Lash and Lash15 in the 
U.S.A., and Shirodkar in India,11 incom­
petency of the internal os of the cervix 
uteri has become established as a predis­
posing factor in certain abortions in the 
middle trimester of pregnancy. It has also 
been established that the lesion is amen­
able to surgical correction.
The syndrome described as the “incom­
petent cervix” is a development of recent 
years. It refers to an anatomic defect of the 
cervix, usually resulting from a prior labour 
or operative trauma, which leads to the 
premature termination of an otherwise nor­
mal pregnancy during the middle tri­
mester.®
We wish to present our experience with 
the syndrome in a large obstetrical-gyneco­
logical service over a period of 48 months 
where the preferred policy was to correct 
the incompetency of the cervix during 
pregnancy, using the technique described 
by McDonald.10 The method of termina­
tion of pregnancy in successfully treated 
women was vaginal delivery, except in the 
presence of obstetrical indications for 
cesarean section other than cervical in­
competency.
Material and Incidence
Between January 1, 1959, and December 
31, 1962, the diagnosis of incompetent cer­
vix was made in 35 patients. Critical review 
of records led to the rejection of three 
cases, which however may be worthy of 
comment at this time.
The three cases were rejected as repre­
senting errors in diagnosis. The first of 
these three patients had had six previous 
pregnancies, five of which terminated pre­
maturely in the third trimester, all of the
“ Presented at the Annual Meeting of the Royal 
College of Physicians and Surgeons of Canada, 
Edmonton, January 1963. 
fSt. Joseph’s Hospital, Hamilton, Ont. 
fPresent Address: Hamilton General Hospital,
Hamilton, Ont.
premature infants, who were thus delivered, 
survived. In her seventh pregnancy, a con­
stricting suture was placed about the in­
ternal os at 21 weeks; the cervix at this 
time was described as “one finger-breadth 
dilated with questionable effacement” . The 
pregnancy terminated spontaneously at 36 
weeks with vaginal delivery of a 5 lb. 1 oz. 
infant. This case was rejected on the 
grounds that it was an instance of a pa­
tient who habitually had premature labours 
due to causes other than incompetency of 
the cervix. In the two other patients, con­
stricting sutures were placed in the cervix 
at 20 and 21 weeks. Subsequent clinical 
observation and study demonstrated that 
one of these patients went into premature 
labour with subsequent premature deliv­
ery; the cervix at examination six weeks 
post partum would not admit a No. 2 
Hegar dilator. Clinical observation of the 
third patient, who aborted 24 hours after 
the placing of the constricting suture, 
proved that the correct diagnosis was spon­
taneous missed abortion. This patient sub­
sequently underwent an uneventful full- 
term pregnancy without the indication for 
constriction of the internal cervical os.
TABLE I.— F e t a l  Sa l v a g e  an d  I n c id e n c e  o f  
A bo r tio n  b e f o r e  D ia g n o s is  in  32 P a t ie n t s
Total number of patients......................................  32
Total number of pregnancies................................  84
Viable infants.............................  30 (35.7%)
Second-trimester abortions. . . .  45 (53.6%) 
First-trimester abortions.........  9 (10.7%)
Thirty-two patients underwent 84 preg­
nancies, which resulted in the birth of 30 
viable infants, 45 middle-trimester abor­
tions and nine first-trimester abortions 
(Table I). This represents a salvage rate 
of 35.7% in terms of viable infants.
During the period under study there 
were 6668 gynecological admissions and 
19,354 patients were delivered in the ob ­
stetrical service. The 32 patients selected 
for study were admitted to the hospital on 
40 occasions. The apparent incidence of 
cervical incompetency is therefore 0.21%
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TABLE II.— I n c id en c e  of C erv ica l  I n c o m pe­
ten cy  a t  S t . J o s e p h ’s H o spita l , H am ilto n , O n t .
Gynecological Incompetent Year Deliveries admissions cervix
1959 ......... 5102 1600 91960 ......... 5334 1626 121961 . 4675 1794 101962 . . 4243 1648 9
19,354 6668 40
of deliveries, or 0.60% of gynecological ad­
missions (Table II).The cause of incompetency of the inter­
nal cervical os is generally an injury to the 
cervix involving the area of the fibromuscu- 
lar junction.1- 5-8-8-10,11
Danforth4 believes the fibromuscular 
junction to be a sharply defined area, iden­
tifying the internal cervical os. Youssef13 
and Mann, McLarn and Hayt,9 on the other 
hand, differentiate between the internal 
cervical os (described by Danforth and 
referred to by them as the histological in­
ternal os) and the anatomic internal os 
located some 4 to 8 mm. superior to the 
histological internal os. Youssef and Mann 
refer to the area between the histological 
and anatomical internal os as “the uterine isthmus” and attribute sphincteric action to 
this region. They believe that insufficiency 
of this isthmus is the factor in middle- 
trimester abortions. Danforth believes that 
incompetency of the fibromuscular junc­
tion is the factor and denies that the uterine 
isthmus has a sphincteric action.
A previous labour is the most frequent 
cause of cervical incompetency, particularly 
if the labour was precipitate or was ac­
companied by an operative procedure such 
as mid forceps or high forceps, version and 
extraction, or an excessively large baby. It 
may also follow forceful traumatic dilata­
tion in the course of curettage or im­proper healing following low cesarean 
section. A high amputation of the cervix 
or extensive lacerations may lead to the same result if the region of the internal os 
is involved.
Since a few instances have been re­corded in the absence of a history of pre­vious trauma, it has been suggested that cervical incompetency may also occur on the basis of endocrine dysfunction, presum­
ably secondary to relative progesterone de-
TABLE III.— E tiological  F actors C o n tr ib u tin g  
to C erv ica l  I ncom petency  in  32 P atien ts
A o. ofpatients % %
Previous pregnancy (no otherapparent cause).................  8Obstetrical traum a................ 11Breech extraction........ 2Higli forceps................  2Mid forceps..................  2Cesarean section.......... 2Manual dilatation ofcervix........................  IRupture of uterus.......  1Diihrssen’s incision. . . .  1
25.0
3 4 .4
5 9 .4
Gynecological surgery Dilatation andcurettage..................Dilatation and curettage and presacral neurectomy No apparent cause............
6
4
2 18.47 22.2
32
ficiency. Finally, congenital malformation 
is suggested as a third etiological factor, 
illustrated by the so-called “muscular cer­
vix” in which there is a preponderance of 
muscle over fibrous connective tissue.
It must be re-emphasized however that 
the most common factor predisposing to 
incompetency of the cervix is trauma, 
either surgical or obstetrical. The apparent 
factors considered to be of etiological sig­
nificance in the present series are presented 
in Table III.
In this series, three criteria for diagnoses 
were used. The first was a past history of 
middle-trimester abortion resulting in the 
delivery of a living but non-viable infant, 
the delivery of which was not preceded or 
attended by a pattern of painful uterine 
contractions characteristic of labour. The 
diagnosis was substantiated when the in­
ternal cervical os in such patients would readily admit a No. 8 Hegar dilator with­
out discomfort. Failure to pass a dilator of 
this size was considered to be evidence 
sufficient to eliminate the diagnosis of in­
competency, even in the presence of a sug­
gestive past history.
The second criterion was identification of progressive cervical dilatation, usually ac­
companied by some degree of effacement, in a pregnant patient during the second trimester. The patients often complained 
of a bloody mucous discharge and occa-
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sionally of a sense of pelvic pressure. Uter­
ine contractions were not a complaint. W e 
believe the presence of this clinical picture 
is the most positive factor in diagnosis.
Patients, presenting with a suggestive 
past history and already pregnant when 
first seen, were observed at weekly inter­
vals by both speculum and digital examin­
ation of the cervix once they entered the 
second trimester. In the present series, 19 
patients (59.4 % ) were diagnosed as show­
ing evidence of incompetency when they 
presented in the second trimester with a 
complaint of vaginal discharge and/or 
bleeding. They had varying degrees of ob­
vious cervical dilatation and effacement, 
and five had membranes bulging into the 
endocervical canal. We believe that cervi­
cal incompetency will manifest itself by the 
twenty-fifth week of pregnancy. In our 
opinion, therefore, there is no indication for 
cervical closure by surgical methods after 
this date.
The third and final criterion for diagno­
sis was a cervicohysterogram which was 
performed upon only one patient in the 
present series. W e do not feel that it is of 
sufficient additional value to be performed 
as a routine procedure in the non-pregnant 
patient with a past history of mid-trimester 
abortion.
M ethods and Analysis
Of the 32 patients comprising the pres­
ent series, 29 have undergone a cervical en­
circling surgical procedure on 38 occasions.
Three patients were not treated. Two of 
these have not become pregnant since the 
diagnosis of cervical incompetency was es­
tablished. The third patient has just en­
tered the second trimester and is presently 
under observation.
Of the 38 procedures carried out, 27 fol­
lowed the method described by McDon­
ald,10 the remaining 11 were of the classi­
cal Shirodkar type.18 In half of the cases 
the suture material was floss-silk, and in 
the other half mersilene tape was used. 
This latter material has now become the 
standard suture because it does not cut 
through the cervix as did the floss-silk in 
some instances (Table IV).
TABLE IV.— Su rgical  P r o c e d u r e s  E m p l o y e d  in  
29 P a t ie n t s
Total number of patients treated........................  29
Number of procedures performed........................ 38
M cD onald................................................ 27
Shirodkar.................................................  11
Procedures in second trimester................ 33
M cD onald................................................ 27
Shirodkar.................................................. 6
Procedures before pregnancy
Shirodkar on ly........................................  5
The Shirodkar procedure was performed 
on five patients who were not pregnant. 
Three of these have subsequently become 
pregnant and delivered at term, two by 
cesarean section and one by removal of 
the suture and induction of labour. One 
patient has not become pregnant in a three- 
year period following the procedure, and 
one patient had to have the suture removed 
five weeks postoperatively because of a 
draining sinus at the operative site.
Thirty-three of the procedures were per­
formed when the patient was pregnant and 
had entered the second trimester; they have 
never been performed during the first tri­
mester. Of the 33 procedures performed 
during pregnancy, 27 were of the M cDon­
ald type and six were Shirodkar operations.
Of the 33 procedures of both types per­
formed during pregnancy, 21 resulted in 
pregnancies which went to term; three of 
these women were delivered by cesarean 
section and 18 by the vaginal route.
The 29 patients so treated before surgi­
cal correction of the incompetency of the 
cervix had undergone 71 pregnancies with 
a viable-infant salvage rate of 36.3%. After 
the surgical correction of the incompeten­
cy, 36 pregnancies occurred with a viable- 
infant salvage of 66.7% (Table V ).
Nineteen of the women who had suc­
cessful pregnancies were delivered vaginal- 
ly, two went into premature labour at 32 
and 33 weeks, and the remaining 17 were 
delivered at 37 to 41 weeks of gestation. 
Ten patients were admitted to hospital at 
term when the suture was cut and labour 
initiated by pitocin stimulation. Seven 
patients went into labour spontaneously 
and the suture was removed upon admis­
sion to hospital.
Five patients were delivered by ce­
sarean section (Table V I). In only one of
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TABLE V.— R e su l ts  o f  S u r g ic a l  T r e a t m e n t  o f  C e r v ic a l  I nco m peten cy
Vol. 7
Third Second First
No. o f trimester trimester trimester
No. o f ■patients pregnancies termination termination termination
*29.............................................................................. 71 26 (36.3% ) 38 (58.5% ) 7 (10 .2% )
+29.............................................................................. 36 24 (66.7% ) 12(33 .3% )
*Before surgical treatment of cervical incompetence, 
t After surgical treatment of cervical incompetence.
these was cervical incompetency per se 
the indication for cesarean section, the 
remaining five were delivered by this 
route for other obstetrical indications.
TABLE VI.— C e sa r e a n  Se c t io n : I n c id e n c e  and  
I ndications
Number of deliveries.........................  24
Cesarean section.................................  5 (20.8%)
Indications
Previous cesarean section ................................ 1
Elderly primagravida........................................  1
Contracted pelvis................................................ 2
Cervical incompetency......................................  1
In this series, 14 of the procedures for 
the correction of cervical incompetency 
must be considered to have failed. Two of 
the failures were among the women treated 
when they were not pregnant. One patient 
has not become pregnant three years after 
a Shirodkar procedure and the second pa­
tient had to have the mersilene suture re­
moved five weeks after the Shirodkar pro­
cedure (as previously noted) because of a 
draining sinus at the site of the suture. In 
the group who were pregnant when 
treated, two patients had unexplained 
abruptio placentae, six and nine weeks 
after a cervical closure. One patient previ­
ously had had two vesicovaginal fistulas 
and one rectovaginal fistula, all the result 
of trauma at delivery. One of the vesico­
vaginal fistulas broke down during preg­
nancy, before the placing of a mersilene 
tape about the internal os as described by
TABLE VII.— Su m m a r y  of F a il u r e s  in  38 C ases 
o f  S u r g ic a l  C l o su r e  of th e  I n t e r n a l  C e r v ic a l  
O s f o r  I n com petency
Total number of procedures............ 38
Successful.............................................  24 (63.2%)
Failures................................................. 14 (36.8%)
Not pregnant....................................................... 1
Abruptio placentae.....................  2
Secondary infection of suture site...................  2
Premature labour
(48-72 hours after procedure)....................  3
Premature rupture of membranes (1-7 weeks) 6
McDonald. The tape became secondarily 
infected in spite of antibiotic therapy and 
had to be removed; the patient subse­
quently had a typical painless midtrimester 
abortion (Table VII).
Three patients went into premature la­
bour 48 to 72 hours after the correction of 
cervical incompetency. None of these pa­
tients were observed in hospital for the 
suggested 24 to 48-hour period following 
diagnosis. The diagnosis in these three pa­
tients was made when they presented with 
membranes already bulging through an in­
competent internal cervical os, which was 
dilated 4 cm. or more and well effaced. We 
do not feel that this degree of dilatation 
with effacement is a contraindication to 
cervical closure, as six patients have been 
treated successfully under the same circum­
stances. However we do feel that treatment 
in such patients should be preceded by a 
period of total bed rest and observation in 
hospital for 24 to 48 hours before any sur­
gical approach. If there is no progression of 
effacement or dilatation during this period, 
the patient should then have her cervix 
closed. We believe these patients to be 
ideal candidates for the McDonald pro­
cedure because it is faster, simpler and 
less traumatic than the Shirodkar method. 
Six patients had spontaneous premature 
rupture of the membranes following the 
cervical closure. Rupture occurred seven 
days to five weeks after the cervical 
closure; the cause was presumed to be 
persistent amnionitis, which developed in 
spite of antibiotic therapy. It is worthy of 
note that these patients represent almost 
half of the total failures.
D iscussion
It is important to recognize that every 
patulous and lacerated cervix is not incom­
petent, and that there are causes other than
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T A B L E V III.—C o m p a r a t iv e  R e s u l t s  o f  V a r io u s  A u t h o r s
— Cases treated Success rate Cesarean
Non- Non- section
Author Total Pregnant pregnant Total Pregnant pregnant rate
McDonald10............................. 70 70 —
(4330% )
33 — 2
(6.1% )
Isaacs and Pavlic7................. 12 12 8
(66.7% )
8 Not
stated
Tacchi and Snaith12............... 26 20 6 17
(65.4% )
14
(70%) (50%) (23.1% )
Barter5 ...................................... 22 22 — 16
(72.7% )
16 10
(71.4% )
Crocker et al.3......................... 51 34 17 26
(50.9% )
18
(52.9% )
8
(47.1% )
13
(50%)
Lash8.......................................... 93 — 93 61
(65.6% )
61 31
(50.8% )
Present series........................... 38 33 5 24
(63.2% )
21
(63.6% )
3
(60.0% ) (20.8% )
312 187 125 185
(59.3% )
110
(58.8% )
75
(60%)
incompetency which account for abortion 
in the second trimester of pregnancy.
Despite a suggestive history and evi­
dence in the non-pregnant state of cervical 
patency of a suspicious degree, we believe 
that the only way of making a positive di­
agnosis of incompetency of the internal 
cervical os is to observe fetal membranes 
protruding through a dilating, effacing cer­
vix during the second trimester of preg­
nancy in a patient who is not in labour.
When the diagnosis of incompetency has 
been firmly established, surgical correction 
becomes mandatory; the problem then be­
comes one of the choice of methods and 
whether to correct the defect in the preg­
nant or non-pregnant state.
In the present series we have had no 
experience with the Lash procedure. In 
only two of our patients could a definite 
cervical defect be identified, and both were 
successfully treated during pregnancy by a 
cervical encircling procedure.
Published reports seem to indicate that 
success rates in terms of viable infants are 
comparable, irrespective of whether cor­
rection of the incompetence is carried out 
when the woman was pregnant or not. 
Published figures suggest however that a 
significant incidence of infertility follows 
correction of the incompetency in the non­
pregnant woman (Table VIII).
In the present series, the diagnosis of 
incompetency was first made during preg­
nancy in 59.4%, when effacement and dila­
tation were first identified during the sec­
ond trimester. Closure of the incompetent 
internal os may be accomplished with 
equal ease in either the pregnant or non­
pregnant woman. In the present series, 
provided the membranes were intact and 
a formal pattern of uterine labour contrac­
tions had not become established, the in­
competent internal os was closed irrespec­
tive of the degree of dilatation. In one 
patient, the cervix was 8 cm. dilated, with 
the amniotic sac filling the upper two- 
thirds of the vagina and a successful 
closure was obtained and term-delivery 
resulted. In those patients who have 
proved incompetency during pregnancy, 
it is our policy to perform elective repeat 
suture in a subsequent pregnancy at 14 
to 16 weeks before effacement and dila­
tation.
In the early stages of the present series, 
the procedure performed was that de­
scribed by Shirodkar. This procedure has 
now been replaced by the McDonald type 
of closure. The principle of constriction of 
the incompetent internal os is the same in 
both procedures. However, in our opinion, 
the method described by McDonald offers 
several distinct advantages over other 
methods applicable to the pregnant pa­
tient. With traction exerted on the cervix 
by sponge forceps and the bladder dis­
placed upwards by an anterior vaginal re­
tractor, a purse-string suture is placed 
about the internal os as close to it as pos­
sible. A portion of the uterosacral liga­
ments is included in the purse-string pos-
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teriorly and the suture is tied tightly, clos­
ing the cervix completely, if possible at the 
suture level.
We believe this method to be the 
simplest and least traumatic of the types 
of procedures presently available. Surgical 
dissection of lateral tunnels about the 
cervix and surgical reflection of the blad­
der are avoided completely. The time re­
quired for the procedure is frequently less 
than 10 minutes, and significant bleeding 
does not occur. When removal of the su­
ture is indicated, either at term or in the 
event of premature labour, it is readily 
identified by direct visualization. The 
method does not result in scarring of the 
vaginal fornices, and repetition of the pro­
cedure in a subsequent pregnancy is not 
made more difficult. This procedure lends 
itself more readily to subsequent vaginal 
delivery at term because of the ease with 
which the suture can be removed. It is 
preferable to repeat the McDonald pro­
cedure in a subsequent pregnancy in antici­
pation of vaginal delivery rather than to 
perform a single more permanent type of 
cervical closure and then have to submit 
the patient to one or more cesarean sec­
tions to accomplish subsequent deliveries.
Summary
A syndrome of cervical incompetency is 
now generally accepted as one of the 
causes of mid-trimester termination of 
pregnancy, and it may be treated by surgi­
cal means.
Although the physiology of the fibro- 
muscular junction of the internal cervical 
os and the uterine isthmus is not fully un­
derstood, it is accepted that the most com­
mon precipitating factor in incompetency 
of the internal cervical os is previous ob­
stetrical or surgical trauma. To a lesser 
degree, factors other than trauma may play 
a predisposing role.
In the present series, 29 patients were 
subjected to 38 operative procedures for 
closure of the internal cervical os. In the 
patients studied, the fetal salvage rate 
before surgical correction was 36.3%, and 
after surgical correction, 66.7%.
Correction of cervical incompetency was 
performed 33 times during pregnancy and
resulted in a delivery of 21 living infants, 
a success rate of 63.6%. This figure com­
pares very favourably with the reported 
figure for success achieved when cervical 
incompetency is corrected during the non­
pregnant state.
Of the diagnoses, 59.4% were made dur­
ing the second trimester of pregnancy, and, 
when so made, surgical correction was car­
ried out irrespective of the degree of cerv­
ical effacement and dilatation, provided 
that the membranes were intact and a for­
mal pattern of labour had not become 
established.
The McDonald type of cervical purse­
string suture is a simple, rapid, efficient, 
atraumatic method for closure of the in­
ternal cervical os.
In patients successfully treated for cerv­
ical incompetency by this method, vaginal 
delivery may be anticipated. This is the 
method of choice, except when obstetrical 
indications other than incompetency of the 
internal cervical os exist which require de­
livery by cesarean section.
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Resume
Le syndrome du col “ inadequat” (incompetent 
cervix) se rapporte a un defaut anatomique du 
col uterin, resultant generalement d’un accouche­
ment anterieur ou d’un traumatisme operatoire, et 
provoquant un avortement pendant le deuxieme 
trimestre de la grossesse. Ceci a ete defini rela- 
tivement recemment, mais il a ete montre que la
reparation chirurgicale est possible. La region qui 
semble etre le plus particulierement le siege des 
troubles ici, est la jonction entre l’orifice interne 
du col et l’uterus lui-meme; la physiologie de cette 
region est loin d’etre elucidee, et certains pensent 
que des facteurs, autres que les traumatismes, 
peuvent jouer un role predisposant, quoique a un 
degre moindre. Le present article etudie, du point 
de vue statistique 32 malades, observees au Ham­
ilton General Hospital” , entre janvier 1959 et de- 
cembre 1962. Chez ces patientes, le nombre total 
de grossesses fut de 84, donnant naissance a 30 
enfants viables, mais provoquant aussi 45 avorte- 
ments dans le second trimestre de la grossesse et 
neuf avortements dans le premier tiers. Ces ma­
lades furent soumises a 38 interventions diverses 
en vue de fermer l’orifice interne du col. Alors 
que le pourcentage de sauvetage des enfants 
avant l’operation n’etait que de 36.3%, il devint 
par apres de 66.7%. Cette meme intervention fut 
effectuee dans 33 cas durant la grossesse; la en­
core, le pourcentage des enfants recuperes monta 
a 63.6%. La technique qui donne les meilleurs 
resultats est la suture en bourse selon McDonald, 
qui a l’avantage d’etre simple, rapide, efflcace et 
peu traumatisante. Il est possible d’operer pen­
dant le cours de la grossesse; c ’est ainsi que, 
parmi les cas presentes ici, le diagnostic fut fait 
dans 59.4% d’entre eux pendant le deuxieme 
trimestre de la grossesse. Malgre cela, la correc­
tion chirurgicale reste possible, a la condition que 
les membranes soient intactes.
AN ATLAS OF CONGENITAL HEART DIS­
EASE. Compiled from the Museum of Congen­
ital Heart Disease at Children’s Hospital of 
Pittsburgh. Frank E. Sherman. 303 pp. lllust. 
Lea & Febiger, Philadelphia; The Macmillan 
Company of Canada Limited, Toronto, 1963. 
$16.50.
The availability of a particularly convenient 
atlas of congenital heart disease will be of in­
terest to many surgeons and physicians. This 
well-illustrated atlas is arranged within the 
framework of a systematic morphological class­
ification and the specimens illustrated come 
entirely from the Pathological Museum Col­
lection of the Children’s Hospital at Pitts­
burgh; it was compiled by the author over the 
past decade.
Throughout the atlas Dr. Sherman has taken 
particular care to present an accurate morpho­
logical classification. Where variations in 
classification exist, he presents different opin­
ions and justifies his own choice on a basis of 
embryological or physiological concepts. Par­
ticular attention is paid to the anomalies of 
the great vessels which may cause confusion 
in catheterization and cannulation procedures, 
and which are amenable to surgical correction.
An especially thorough post-mortem dissec­
tion technique is presented in which the cen­
tral cardiovascular system is examined before 
removal of the organs from the body. The use 
of this technique will result in more complete 
diagnoses especially where vascular anomalies 
exist.
The atlas will be of considerable value to 
the cardiac surgeon who, through a study of 
it, will add considerably to his own experi­
ence in the multiplicity of variants in congen­
ital heart disease. Such textbook knowledge 
may, of course, prove invaluable on those 
occasions where he meets the unexpected. For 
the pathologist, the author’s technique of post­
mortem dissection of the congenitally diseased 
heart is worthy of adoption. For the cardiolo­
gist, the physiologist, the embryologist and the 
medical student the atlas is mainly of refer­
ence value.
References to the literature are to the cur­
rent useful clinical literature only. The numer­
ous black-and-white photographs are technic­
ally excellent and the fewer drawings are clear 
and helpful. The volume is thoroughly modern 
in outlook and should be available to all stu­
dents, cardiologists and surgeons.
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R E V I E W  A R T I C L E
ANALYSE CRITIQUE DES PROCEDES CHIRURGICAUX 
CORRECTEURS DE L ’HYPERTENSION PORTALE
PIERRE LAVOIE, M.D., F.R.C.S.[C],<* Montreal
L a  chirurgie de Fhypertension portale de- 
bute avec von Eck, qui des 1877 etablis- 
sait des fistules experimentales porto- 
systemiques, et les proposait meme comme 
traitement eventuel de la stase splanch- 
nique. Quinze ans plus tard, Banti se lan- 
£ait sur une fausse piste en denon£ant la 
rate comme siege p :mordial de la pa­
thologic. Cette meprise ne devait pas em- 
pecher Vidal de reussir en 1903, la pre­
miere anastomose porto-cave humaine. 
Dix ans plus tard, on discutait deja des 
avantages possibles du shunt latero-lateral 
de Rosenstein, qui n’interrompait pas to- 
talement le sang splanchnique en direction 
du foie.
Et pourtant, meme si elle est technique- 
ment mieux realisable de nos jours, la cure 
de l’hypertension portale n’en est pas moins 
restee enigmatique sur de nombreux points 
theoriques.
Nous n’avons certes pas la pretention de 
tfancher la question. Cet article se pro­
pose de comparer les vues trop souvent 
contradictoires des autorites contempo- 
raines en cette matiere. Si nous nous per- 
mettons parfois de les discuter, ce sera 
alors sous 1’egide de la pensee majoritaire. 
Les divergences d’opinion sont trop accu- 
sees pour etre conciliables, mais si une vue 
d’ensemble est obtenue, nous aurons 
atteint le but propose.
Deux grandes modalites sont susceptibles 
de prevenir les hemorragies, qui represen- 
tent en definitive le symptome capital de 
Fhypertension portale:
I. L ’a ba issem en t  de la pression
VEINEUSE PORTALE
A. L a  splenectom ie
Elle ne sera vraiment utile que dans des 
cas bien particuliers, et exceptionnellement
“Adresse aotuelle: 6395 24eme Avenue, Rosemont 
Montreal, Que.
rencontres: les hypertensions portales dites 
"d’apport”, c’est-a-dire celles resultant 
dune splenomegalie enorme ou dune 
thrombose isolee de la veine splenique, ou 
encore d’hemangiectasies intraspleniques 
congenitales realisant de multiples com­
munications arterio-veineuses dans la rate. 
Elle peut d’autre part soulager momentane- 
ment l’hypertension splanchnique en re- 
duisant de 20% a 40% le debit portal.47
B. L ’interruption fonctionnelle de Ve- 
norme anastomose arterio-veineuse 
qu est le fo ie  cirrhotique
L’existence de shunts arterio-veineux 
intra-hepatiques dans la cirrhose a ete 
prouvee par la demonstration de Herrick12 
et de Mann, Wakim et Baggenstoss.28
Convaincus de leur importance dans la 
genese de Fhypertension portale, certains 
auteurs87 ont voulu y remedier en ligatu- 
rant Fartere hepatique ou le tronc coe- 
liaque. Les dangers de tels precedes sont 
evidents: Fapport arteriel devenant insuf- 
fisant, la decompensation hepatique est 
inevitable. De plus, une circulation collate- 
rale persistante annule frequemment les 
effets de la ligature. Les risques encourus 
depassent done de beaucoup les benefices, 
d ailleurs inconstants et transitoires de 
cette methode. Aussi cette technique est- 
elle maintenant delaissee.
Partant des memes donnees theoriques, 
d autres auteurs40 ont propose d’inter- 
rompre la communication du cote veineux, 
par simple ligature de la veine porte. Ceci 
est theorique, et ne repose sur aucun re- 
sultat, meme experimental. II est bien diffi­
cile d’admettre qu’une hypertension portale 
puisse etre amelioree en completant l’ob- 
struction qui la cause, du moins partielle- 
ment. Mais ce point de vue peut fournir, 
nous le verrons tout a Fheure, un argument 
lointain en faveur d’un shunt porto-cave 
complet sur Fanastomose latero-laterale.
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C. L ’etablissement d’une voie artificielle 
de derivation
La circulation collateral n’aura d’effets 
reels que si les vaisseaux effectuant la de­
rivation sont de calibre approprie; sinon, 
elle ne sera que palliative.
1. Derivation curative.—Elle est assuree 
par la construction de shunts splanchno- 
systemiques majeurs que 1’on peut classi­
fier en: 
shunt complet
anastomose porto-cave termino-laterale 
shunts incomplets
anastomose porto-cave latero-laterale
anastomose spleno-renale termino-laterale
anastomose mesenterico-cave latero-ter- 
minale
On concoit aisement que ces techniques 
se limitent a la correction de 1’hyperten- 
sion portale. Le processus cirrhotique suit 
un cours inchange, avec ses dangers inhe- 
rents: insuffisance hepatique, hypopro-
teinemie, hypoprothrombinemie, cancerisa- 
tion frequente. De plus, letablissement 
dune voie importante de derivation ag- 
grave l’encephalopathie ammoniacale et 
augmente 1’incidence d’ulceres digestifs 
(probablement par diminution du cata- 
bolisme de la gas trine)3: le sang splanch- 
nique passe dans la circulation systemique 
avant d’avoir ete soumis a la desamination 
intra-hepatique. A ce point de vue, Blake- 
more1 a bien montre qu’un shunt est 
d’autant plus nocif que la circulation col- 
laterale est moins developpee au moment 
de l’intervention. Certes, la derivation du 
sang portal dans un circuit a basse pres- 
sion, a l’aide d’une bonne anastomose, 
constitue actuellement notre arme la plus 
precieuse. Elle previent trois complications 
majeures, causes habituelles de mortalite 
dans l’hypertension portale: 1’exsanguina- 
tion, le coma et la broncho-pneumonie. 
Grace a la decongestion qu’elle produit, 
elle soulage frequemment 1’ascite, et ac- 
croit meme un peu l’oxygenation hepa­
tique.
La therapeutique ideale devrait sans 
doute fournir une plus forte augmentation 
de l’apport arteriel au foie. C’est dans cette 
intention que Hunt14 a tente une arteria- 
lisation de la veine porte, et Saegesser, une 
portalisation de l’artere hepatique.21 A vrai
f lo t  h e p a to p e te  f lo t  h e p a to fu g e
Fig. 1.—PrH est la pression hepatique, et PrS, 
la pression splanchnique. Le flot portal est nor- 
malement hepatopete: PrS s’eleve apres occlusion 
temporaire de la veine porte. Hans les flots por- 
taux inverses, PrH s’eleve a son tour apres occlu­
sion de la veine porte.
dire, ces procedes sont encore experimen- 
taux, et ne peuvent etre entrepris que chez 
des malades condamnes. En effet le pre­
mier necessite le sacrifice du rein droit, et 
le second equivaut d’apres Leger, Albot et 
Vaille,21 a la ligature de l’artere hepatique. 
Les travaux de Fisher et al.10 annoncent 
cependant un resultat prometteur: chez le 
chien, une regeneration hepatique de plus 
de 100% est obtenue apres interruption du 
flot portal, pourvu qu’elle s’accompagne 
d’une technique d’arterialisation du foie. 
Ravdin38 aboutit a des conclusions simi- 
laires.
Dans la litterature des dernieres an- 
nees de nombreuses opinions ont ete emises 
relatives aux avantages respectifs de tel ou 
tel type de shunt. Pour en bien saisir le 
sens, une nouvelle notion doit etre intro- 
duite: celle des flots portaux a circulation 
normale (hepatopete) ou inversee (hepato­
fuge). Warren et Muller45 en ont etabli 
les bases experimentales par mensuration 
des pressions sur les versants hepatique et 
splanchnique apres occlusion temporaire 
de la veine porte.
L’hypertension portale ne peut plus etre 
consideree comme la simple consequence 
d’une obstruction isolee. L’influence des 
fistules arterio-veineuses de la cirrhose ne 
saurait etre ignoree. Des donnees plus re- 
centes donnent une importance nouvelle 
a des communications arterio-veineuses 
splanchniques; prive dans son apport vei- 
neux, le foie requiert plus de sang, et en 
reponse, des shunts mesenteriques s’ou- 
vrent, aggravant ainsi l’hypertension. Enfin, 
la resistance causee par la circulation col- 
laterale est un facteur de variation non 
negligeable.
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L’hypertension portale resulte done du 
systeme de pressions suivant (Fig. 1).
(PrH) Pression sur le versant hepatique
PrH (a) Pression due a 1’obstruction post- 
sinuso'idale. Cette obstruction 
est provoquee par la fibrose, le 
remaniement des travees he- 
patiques et la formation de 
nodules de regeneration.
Des anastomoses s’etablissent 
entre les ramifications portales 
et la veine centrolobulaire, mais 
ne peuvent contoumer (’ob­
stacle.
Prff (b) Pression arterielle transmise par 
les fistules arterio-veineuses de 
la cirrhose.
(PrS) Pression sur le versant splanch-
nique
PrS (a) Resistance offerte par la circula­
tion collaterale.
PrS (b) Contribution apportee par les 
shunts mesenteriques.
Tant que PrS Temporte sur Prff, le flot 
portal conserve sa direction normale he- 
patopete: la pression d’aval s’abaisse apres 
occlusion temporaire de la veine porte. Si 
d’aventure PrH surpasse PrS, le flot portal 
s’inverse et devient hepatofuge: la pression 
d’amont s’abaisse alors apres occlusion mo- 
mentanee de la veine porte. Cette notion 
est, a notre sens, d’une importance capi- 
tale pour la comprehension des shunts 
iatrogeniques du point de vue hemody- 
namique. II ne faut pas, toutefois, interpre­
ter cette inversion du flot portal comme 
une phase de la maladie. Chaque cas offre 
une evolution particuliere selon Im por­
tance relative des facteurs impliques. Le 
degre meme de l’hypertension n’est pas 
proportionnel a la severite de la cirrhose.
C’est de cette fayon que nous ferons 
maintenant l’analyse des trois principaux 
types de shunts:
( i )  L’ANASTOMOSE PORTO-CAVE
( a ) Latero-laterale ou “en continuite” 
(incom plete)
(aa) Le shunt ainsi produit est in- 
complet; il en resulte deux in- 
convenients majeurs:
(i) une probability accrue de
thrombose secondaire.
(ii) Une efficacite moindre 
quant a l’abaissement de la 
pression portale.
Pour certains, ces desavantages seraient 
compenses par la reduction de Tintoxica- 
tion ammoniacale, puisqu’une partie du 
sang splanchnique peut encore parvenir au 
foie (Fig. 2a).
v e in e  v e in e  
c a v e  porte
v e in e  v e in e  
c a v e  porte
v e in e  v e in e  
ca v e  porte
A B C
Fig. 2.—En A, le sang portal conserve sa direc­
tion hepatopete apres anastomose latero-laterale. 
En B, il est au contraire inverse par cette der- 
niere. En C, une partie seulement du flot portal 
est inversee.
Il est pourtant peu probable que le flot 
sanguin, qui se dirigeait au foie avant 
l’operation, ne soit pas inverse apres eta- 
blissement d’un shunt de ce genre. Com­
ment le sang peut-il conserver sa direction 
premiere et lutter contre Tobstruction 
intrahepatique d’aval, alors qu’il peut se 
precipiter dans la veine cave a basse pres­
sion? Child et Donovan2 ont fait des expe­
riences fort concluantes a ce sujet, et 
d’apres eux, le shunt latero-lateral trans­
forme constamment un flot hepatopete en 
flot hepatofuge (Fig. 2b). Warren et Mul­
ler43 sont du meme avis.
De leur cote Longmire et al.25 adminis- 
trent une substance de contraste dans une 
veine jejunale, apres shunt fait en conti­
nuity, et reussissent ainsi a opacifier les 
ramifications hepatiques de la veine porte, 
ce qui laisse supposer la persistance d’un 
flot hepatopete au moins partiel. Comme 
dans une autre experience ils retrouvent 
dans la veine porte un isotope injecte au 
prealable dans l’artere hepatique, ils con- 
cilient ce paradoxe apparent en avanyant 
l’hypothese d’un flot bidirectionnel dans le 
segment proximal de la veine porte, apres 
shunt incomplet (Fig. 2c).
En admettant la persistance d’un flot 
hepatopete, la quantite de sang splanch-
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nique qui parvient encore au foie semble 
infime, a moins dune obturation du 
shunt(?). Pour plusieurs, elle est meme 
nulle, et le shunt etabli en continuite se 
comporte hemodynamiquement comme s’il 
etait termino-lateral. Pour s’en convaincre, 
le lecteur retrouvera dans Hunt15 une pho­
tographic magnifique illustrant sans 
equivoque la thrombose du versant hepa- 
tique d’un shunt “in-continuity”. Des lors, 
la diminution de Fammoniemie resulterait 
plus de Finefficacite de Fanastomose que 
de proprietes dynamiques particulieres.
(bb) La veine porte est laissee en conti­
nuite:
(i) La pression arterielle reste 
ainsi transmise par Finterme- 
diaire des fistules arterio-vei- 
neuses du foie cirrhotique, et 
cette contribution, peut-etre 
importante, a l’elevation de la 
pression splanchnique, est main- 
tenue.
(ii) Que Finversion du flot portal 
soit totale2 ou partielle,25 un 
certain degre de decongestion 
hepatique en resulte si la veine 
porte n’est pas ligaturee.
Pour Warren et Muller,45 cet effet est 
heureux puisqu’il favorise un apport ar­
teriel accru.
Si l’on considere cependant que les 
shunts arterio-veineux du foie cirrhotique 
s’etablissent en peripherie du lobule, done, 
en amont du sinusoi'de hepatique, le flot 
de retour contiendra vraisemblablement 
une assez forte proportion de sang arte­
riel.22
L’existence d’un reflux “arterialise” dans 
la cirrhose, meme avant construction d’un 
shunt, fut signalee par Herrick12 des 1907, 
et confirmee plus tard par Mclndoe.30 Elle 
suggera la formation de fistules arterio- 
veineuses dans le foie cirrhotique et fut a 
la base des ligatures de Rienhoff. Les 
etudes oxymetriques de Warren45 n’ont pu 
le demonter, mais celles de Longmire et 
al.25 y sont parvenues.
Dans la fibrose perilobulaire, ce pheno- 
mene n’entraine aucun prejudice par suite 
de l’interruption des shunts arterio-veineux 
ou de leur formation en aval de la sclerose 
(Fig. 3b). Si par contre predomine, la fi-
Fig. 3.—En A, la fibrose est cent rolob u 1 a ire: le 
sang arteriel passe dans la veine porte en derivant 
la cellule hepatique qui est anoxiee. En B, la 
fibrose etant perilobulaire, le sang arteriel rejoint 
le sinusoi'de en aval de la sclerose, et peut ainsi 
parvenir a la cellule hepatique.
brose a localisation centrolobulaire, dont les 
etudes par injections de Mann et al.28 reve- 
lent la frequence, le sang arteriel passe 
directement dans les ramifications portales 
sans irriguer la cellule hepatique; Fanoxie 
provoquee aboutit au coma, mortel d’apres 
Hunt16 dans 30% des cas (Fig. 3a).
Un argument en faveur du shunt latero- 
lateral est apporte par McDermott,28 
Large et Johnston,20 Madden26 et Welch, 
Welch et Carter:48 il lutte contre la forma­
tion d’ascite par le decompression hepa­
tique qu’il produit.
Or, la diminution de l’ascite est, de 
meme, souvent constatee apres anastomose 
termino-laterale.8, 11 Ceci laisse penser que 
les proprietes curatives du shunt fait en 
continuite ne lui sont peut-etre pas ex­
clusives.
II semble etabli que l’hypertension sinu- 
soi'dale preside a la formation de l’ascite,7 
et que, par une augmentation du retour 
veineux, Fanastomose latero-laterale peut 
la ramener a la normale. Pourquoi la liga­
ture de la veine porte, en interrompant plu- 
tot l’apport splanchnique, ne donnerait-elle 
pas les memes resultats?
En fait, les experimentations recentes de 
Restrepo et Warren86 apportent une im­
portante contribution a la comprehension 
des anastomoses artificielles, et menent 
enfin a des conclusions decisives. Elies de- 
montrent essentiellement que le debit he­
patique total est reduit de moitie apres 
shunt porto-cave, qu’il soit latero-lateral 
ou termino-lateral. L ’apport veineux de-
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vient nul et le flot arteriel passe de 25% 
a 50%. De cette fa5on, il est montre que 
les deux types de shunt ont une hemody- 
namique semblable et le precieux avantage 
d’un abaissement de la pression sinusoi'dale 
se revele etre leur consequence commune.
SI Fanastomose complete permet une 
aussi bonne oxygenation du foie et le 
traitement de l’ascite, quel argument vala- 
ble invoquer pour justifier encore Fem- 
ploi d’un shunt en continuity? On sait que 
ce dernier presente une efficacite plus 
faible, et de serieux dangers, particuliere- 
ment chez Fascitique ou le moindre obstacle 
a l’arterialisation hepatique peut etre si 
precocement fatal.
(cc) L ’anastomose latero-laterale enfin 
est plus difficile a etablir, et pour 
ne pas y renoncer, certains chirur- 
giens vont jusqu’a resequer, a 
Foccasion, un lobe de Spiegel inter­
pose, ce qui aggrave de fagon 
sensible une morbidity deja suffi- 
samment elevee.
En resume, le shunt en continuity n’a 
que des avantages douteux, puisque, s’il 
permet Finversion du flot portal, Fintoxica- 
tion ammoniacale risque d’etre aussi im- 
portante. II expose par ailleurs a des dan­
gers certains: thrombose secondaire plus 
frequente; soulagement moins important de 
l’hypertension portale par suite d’ana- 
stomose incomplete et de la persistance de 
la transmission de pression arterielle par 
les shunts de la cirrhose; mortality d’un 
malade sur trois, par anoxie hepatique.
Une reserve doit cependant etre faite en 
faveur de Fanastomose en continuity. Nous 
voulons parler des cas, exceptionnels il est 
vrai, ou le flot portal s’est spontanement 
inverse. La ligature de la veine porte pro- 
voque dans ces circonstances une conges­
tion hepatique extreme, et souvent, Fexitus 
du malade.
La manometrie portale per-operatoire 
permet la detection d’une telle eventualite. 
Si on peut mettre en evidence un type de 
circulation hepatofuge, il importe de con- 
server la veine porte comme voie de 
drainage, et le reflux arteriel ne constitue 
plus un danger puisqu’il existait, comme le 
peut demontrer Foxymetrie, avant toute 
derivation.
(b) Termino-laterale (complete)
(aa) La derivation obtenue est com­
plete, ce qui implique:
(i) une reduction des possibilites 
de thrombose au minimum; en 
fait, aucune anastomose de ce 
type ne s’obstrue secondaire- 
ment et on trouve constamment 
une erreur de technique expli- 
quant les cas de thrombose rap- 
portes (5%).
(ii) une baisse radicale de l’hyper- 
tension portale.
Par contre, rangon d’une anastomose 
genereuse, l’encephalopathie ammoniacale 
est peut-etre plus severe; ceci est du a une 
anastomose qui fonctionne trop bien et non 
a Finterruption totale du flot splanchnique 
au foie.
(bb) La veine porte est ligaturee, et 
deux avantages en decoulent:
(i) la pression arterielle a partir 
des shunts arterio-veineux, quelle 
que soit son importance, n’est plus 
transmise au systeme porte; on ob- 
tient ainsi un abaissement plus 
marque de la pression splanch­
nique.40
(ii) Il n’y a plus d’issue possible 
au flot de retour, qui aggraverait 
une anoxie hepatique, dans un 
tiers des cas, mortelle.
(cc) La confection plus facile de Fana­
stomose termino-laterale est un 
avantage considerable. L’anes- 
thesie sera done plus courte, fac- 
teur decisif chez le cirrhotique aux 
limites de la decompensation.
A moins d’une veine porte inutilisable, 
cette anastomose peut presque toujours 
etre realisee. Elle permet, a Foccasion, la 
levee d’une obstruction segmentaire, chose 
impossible avec la technique latero-laterale 
a laquelle il faudrait alors renoncer.
( i i )  L ’a n a sto m o se  sp len o -b en a le  
( in c o m p let e  )
La derivation ainsi produite est incom­
plete, et se comporte au point de vue he- 
modynamique comme celle du type porto- 
cave en continuity.
(a) La thrombose secondaire s’y produit 
plus souvent: 15% des cas chez l’adulte et
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jusque 70% chez l’enfant. Panke, More­
no et Rousselot,33 en rapportent un taux global de 33% dans les 10 annees qui 
suivent l’operation.
La frequence de cette complication s’ex- 
plique par: (1) la petitesse de 1’anastomose 
obtenue; une bouche d’apparence large au moment de l’intervention peut retrecir 
de fagon considerable apres decompres­
sion, voire meme, a la faveur d’un traite- ment medical intensif;18 (2) l’utilisation 
d’une veine splenique longue, tortueuse, 
ou le flot est par surcroit inverse; (3) la 
splenectomie enfin, qui facilite le proces­
sus de thrombose par l’hyperplaquettose 
reactionnelle qu’elle provoque.
Cette anastomose nest pas conseillee 
chez l’enfant avant Page de 10 ans,43 chez 
qui on prefere temporiser a l’aide de me- thodes conservatrices, souvent d’ailleurs 
avec d’excellents resultats. En effectuant 
l’abouchement de fagon plus centrale, Clat- 
worthy et Boles4 obtiennent un calibre legerement superieur et interviennent des 
cinq ans.
Chez l’adulte toutefois, si l’hypertension 
a traiter est grave, la derivation reste plus longtemps fonctionnelle, et Linton23 en 
rapporte des succes. II est a noter que la splenectomie en augmente les effets en 
reduisant le debit portal 47(b) Moins efficace dans le soulagement 
de l’hypertension, l’anastomose cause un 
moindre degre d’intoxication ammoniacale, 
et les dangers de decongestion hepatique 
sont moindres.
(c) Du point de vue technique, elle pre­
sente des difficultes comparables a celles de l’abouchement porto-cave. La liberation 
de la grande courbure gastrique avec la 
profusion de ses collaterales, et la mobili­
sation d’un segment suffisant de veine 
splenique retro-pancreatique, sont des 
temps souvent difficiles.
Cependant, un accident au cours de 
cette intervention est rarement aussi grave 
que pendant l’etablissement d’une anasto­
mose porto-cave.
2. Derivation palliative.—A defaut de 
vaisseaux de calibre suffisant, d’autres ten- tatives en vue d’augmenter la circulation 
collaterale peuvent etre faites. Telles sont:
( a ) l’utilisation d’une veine de calibre inferieur (makeshift anastomosis), 
comme la mesenterique, la coro- 
naire stomachique, la pylorique, ou l’ombilicale de Cruveilhier-Baumgar- 
ten;(b) la transposition thoracique de la 
rate;32( c ) l’omentopexie.13
Le shunt mesenterico-cave latero-termi- 
nal50 donne des resultats surprenants, sur- 
tout chez l’adulte,44 et parfois meme des 
effets curatifs. C’est en tout cas un prece­
de fort precieux quand on ne pent utiliser 
les veines porte ou splenique.
La transposition thoracique de la rate 
est une methode qui fut recemment pro- 
posee dans un but correcteur. On devine sa grande morbidite. Pour etre vraiment 
utile, elle necessite la permeabilite des vaisseaux spleniques; mieux vaut alors 
etablir un abouchement spleno-renal.
De nos jours, I’ornentopexie est delaissee, 
a cause de son inefficacite. En general, 
tous ces moyens ne sont que palliatifs, car 
la derivation produite est insuffisante. La loi de Poiseuille stipule que 16 vaisseaux du 
demi-oalibre de la veine porte equivalent 
a son debit. Ces conditions ne peuvent 
done qu’exceptionnellement etre realisees, 
mais, fait notoire, leur installation se fait 
parfois spontanement:41 le probleme reste 
entier, puisqu’alors, la rupture des varices 
devient redoutable a cause de leurs dimen­
sions.
En pratique, la collateralisation doit etre 
interpretee comme un phenomene suscep­
tible d’accroitre la resistance au flot vei- 
neux, et partant, d’aggraver l’hypertension 
portale.38 Meme comme palliatifs, il n’est 
pas du tout certain que ces precedes soient 
bons.
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COLLATERALE DEJA CONSTITUEE
II s’agit en fait du controle local des varices oesophagiennes. Ces methodes ne 
traitent que le symptome, et ne sauraient en rien ameliorer l’hypertension portale 
meme. Les ligatures transfixiantes, 1’inter- ruption porto-azygos42 et la gastrectomie proximale34 en sont les principales moda- 
lites.
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A. Les sutures d e  varices cesophagien- 
nes
Les sutures constituent un traitement 
d’urgence, et peuvent etre realisees: (1) par 
voie thoracique,'1’ 24 ce qui laisse l’abdo- 
men intact, consideration importante dans 
la perspective d’un shunt futur; (2) par 
voie abdominale,49 s’il faut exclure une 
autre cause d’hemorragie ou si une ma- 
ladie du thorax interdit cette approche. 
Crafoord et Frenckner5 rapportent de bons 
resultats avec 1’injection sclerosante des 
varices par voie endoscopique. Cette me- 
thode peut s’averer fructueuse en urgence, 
mais ne permet aucun espoir definitif. Des 
enfants ont pu toutefois, grace a un pre­
cede aussi anodin, atteindre un age suffi- 
sant pour qu un shunt soit construit avec 
de meilleures chances de succes.
B. Les techniques de transsection et de 
resection gastriques
On admet generalement la superiorite 
des shunts splanchno-systemiques dans la 
correction de Fhypertension portale; et on 
ne recourt aux techniques de transsection 
et resection que dans un but palliatif, 
quand les circonstances rendent impos­
sible une anastomose veineuse.
II ne faudrait pas croire que ces prece­
des soient sans dangers. Bien au contraire, 
ils supposent une intervention tres elaboree, 
responsible d’une mortalite elevee. Aussi 
ne devraient-ils etre utilises qu’en matiere 
de chirurgie elective; la tamponnade, la 
suture de varices ou meme le shunt d’ur­
gence46 constituent de leur cote les mesures 
a prendre dans le controle de l’hemorragie 
massive.
Certains veulent adopter ces methodes 
de preference au shunt. Ils alleguent une 
moins grande morbidite, des resultats 
egaux en ce qui concerne le controle de 
l’hemorragie, et, argument majeur, l’ab- 
sence d’intoxication ammoniacale, corol- 
laire inevitable d’une anastomose efficace 
dans 30% des cas. Les techniques de trans­
resection sont d’une envergure comparable 
au shunt porto-cave, de type termino-late- 
ral du moins. Cependant, les chirurgiens 
s’aecordent a leur reprocher de frequentes 
recidives. Le shunt enfin s’attaquant a la 
cause meme de l’hypertension portale ap-
parait comme une procedure plus ration- 
nelle que la trans-resection qui n’en con­
trole que les effets.
L’hypertension portale pose l’alternative 
d’une hemorragie par rupture de varices 
oesophagiennes ou d’une intoxioation am­
moniacale consecutive au shunt correcteur. 
Le premier probleme requiert une sanction 
chirurgicale, tandis que la solution du se­
cond est probablement medicale (diete 
deproteinee, antibiotiques, glutamate). II 
est bien difficile de sacrifier aux risques 
d’encephalopathie les avantages certains 
du traitement approprie des hemorragies. 
L ’hyperammoniemie survient dans 30% 
de cas, mais n’est serieuse, voire meme 
mortelle, que dans 10%. La premiere he­
morragie tue pour sa part 20% des ma- 
lades cirrhotiques; la mortalite d’un an 
s’eleve a 50% d’apres Ratnoff et Patek,81 
et jusqu’a 80% pour Snell.39
Evidemment, la chirurgie est liee a un 
certain taux de mortalite, quoique 
moindre, mais nous ne faisons pas ici l’ana- 
lyse des malades operes en regard de ceux 
laisses a leur evolution naturelle; nous 
comparons deux attitudes chirurgicales.
II ne nous semble done pas justifie de 
renoncer a une methode efficace et eprou- 
vee, dans le seul but d’eviter une complica­
tion que Ton peut tres souvent soulager 
medicalement, ou qui regresse spontane- 
ment. Ainsi, de la meme fagon qu’il serait 
insense de faire une anastomose delibere- 
ment petite afin de reduire l’ammoniemie, 
la palliation ne saurait avoir preseance sur 
la cure si cette demiere est realisable.
Hunt16 prefere la gastrectomie proximale 
a la simple transsection, et trouve la pal­
liation obtenue deux fois plus durable. Cer­
tains auteurs completent la resection d’une 
interposition jejunale,31 ou colique.19 Leurs 
resultats sont tres encourageants; peut-etre 
sont-ils dus a l’abaissement de Factivite 
acidopeptique, ce qui previent l’erosion des 
varices subsequentes. A retenir cependant 
la ferme opposition de Maingot27 a ces 
techniques qu’il condamne pour Faggrava- 
tion sensible de la mortalite et de la mor­
bidite, et la frequence des stenoses souvent 
irremediables dont elles peuvent etre res- 
ponsables.
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C onclusions
Nous aimerions conclure en codifiant de 
la maniere suivante nos possibilites chirur- gicales dans le soulagement de l’hyperten- 
sion portale:
1. L’anastomose porto-cave est le traite- 
ment de choix, et doit etre faite toutes 
les fois que la veine porte est utili- 
sable.
L’importance d’utiliser un shunt complet 
est de plus en plus nette, tandis que sont 
delaissees, malgre leurs avantages theo- 
riques et a cause de leurs dangers, les tech­
niques d’anastomose en continuity. En 
cette matiere, l’experience degagee des 
longues series prevaut. Apres avoir inves- 
tigue 500 cas consecutifs (le qualificatif 
importe) dont 300 furent operes, Hunt 
formule une opinion categorique: l’anasto- 
mose latero-laterale presente une mortality 
de 30%, et devrait etre abandonnee, d’au- 
tant plus que ses benefices sont douteux.
L’anastomose termino-laterale abaisse 
au maximum 1’hypertension portale, et a 
moins d’erreur technique, ne se thrombose 
en pratique jamais. Des etats ascitiques en 
ont ete egalement soulages, et elle permet une hausse aussi importante de l’irrigation 
arterielle hepatique. A cause de sa tech­nique plus simple, enfin, il est probable 
quelle conservera encore longtemps une 
plus grande popularity.
2. L’anastomose spleno-renale devient 
la meilleure alternative:
( a ) Si Ton ne peut utiliser la veine 
porte pour les raisons suivantes:
(i) thrombose extensive (a noter 
qu’une occlusion segmentaire 
peut etre corrigee et une porto- 
cave ensuite realisee)
(ii) atresie diffuse (congenitale)
(iii) transformation cavernoma- 
teuse post-pylephlebitique (ac­
quis e)(iv) intervention compliquee ef- 
fectuee anterieurement au niveau du carrefour biliaire
(v) suspicion d’une inflammation 
severe des voies biliaires (angio- cholite en rapport avec cirrhose 
biliaire).( b ) Si l’association d’un hypersple- 
nisme grave (syndrome de Banti)
impose la splenectomie. Un liy- 
persplenisme meme accentue peut s’amender apres decompres­sion.2 Une thrombopenie infe- 
rieure a 75,000 et une leucopenie 
a 2500 determinent, en general, 
la necessite d’enlever la rate.17 
Dans ces circonstances, autant faire alors une anastomose sple- 
no-renale dans le meme temps; 
mais Panke, Moreno et Rousse- 
lot33 redoutent assez cette me- 
tode pour lui preferer un abou- 
chement porto-cave en un 
deuxieme temps, pourvu bien 
entendu, que la veine porte soit 
utilisable.
La ligature de l’artere splenique9 
n’est pas un compromis souhai- 
table si la rate doit etre enlevee. 
Les resultats en sont aleatoires 
(arteres spleniques accessoires), 
et l’apparition frequente d’une 
thrombose veineuse splenique 
compromet definitivement le suc- ces d’une anastomose spleno- 
renale eventuelle.
3. Dans 1’impossibilite d’utiliser un 
shunt splanchno-systemique majeur, 
enfin, on obtiendra souvent un sou­
lagement satisfaisant par le controle 
direct des varices oesophagiennes, ou 
a la rigueur, par l’etablissement d’une 
voie de drainage secondaire.
Mis a part le shunt mesenterico-cave, 
qui est frequemment plus qu’un simple 
palliatif, les resultats donnes par l’oblite- 
ration de la circulation collateral consti- 
tuee sont nettement superieurs a ceux du shunt mineur, de la transplantation de la 
rate dans le thorax ou de l’omentopexie. Les precedes locaux ont pour grand avan- 
tage de ne pas susciter d’ammoniemie ex­
cessive, et ici, les techniques de transsec­
tion et de resection gastriques peuvent 
soutenir a bon droit la comparaison avec les anastomoses de calibre reduit.
Comme c’est en general dans les cas de- 
sesperes que l’on doit recourir aux moyens palliatifs, la meilleure methode devra pre­
senter la plus grande efficacite pour un risque minimum. L’interruption porto-azy- 
gos de Tanner est peut-etre la plus indi- quee a ce double point de vue.
176 CANADIAN JOURNAL OF SURGERY Vol. 7
R e s u m e
Get article se propose d’evaluer notre 
therapeutique chirurgicale en matiere 
d’hypertension portale. La multiplicity des 
moyens proposes n’est peut-etre pas la 
preuve de leur inefficacite.
Nos possibilities chirurgicales actuelles y 
sont ramenees a deux grandes modalites:
1. Celles qui visent a l’abaissement de la 
pression veineuse portale: (a) la splenec- 
tomie; (b) l’interruption des fistules arterio- 
veineuses du foie cirrhotique: (i) sur leur 
versant arteriel;37 et (ii) sur leur versant 
veineux;40 (c) letablissement dune circula­
tion collaterale: (i) curatrice: les shunts 
splanchno-systemiques majeurs. Ici, les 
bases experimentales qui president aux 
avantages respectifs de chaque type d’ana- 
stomose, sont donnees dans toute leur 
etendue. L ’hypertension portale ne peut 
plus etre consideree comme la consequence 
d’un simple facteur obstructif, mais comme 
la resultante d’un systeme complexe de 
pressions, incluant en plus l’apport fourni 
par les fistules arterio-veineuses intra- 
hepatiques et splanchniques, et la resis­
tance offerte par la collateralisation.
La notion de flot portal normal et in­
verse est mise en valeur, et c’est dans cette 
optique que les proprietes de chaque type 
de shunt sont ensuite analysees.
On apergoit bientot les avantages du 
shunt porto-cave complet, et les dangers 
du shunt fait en continuite; (ii) palliative: 
les shunts splanchno-systemiques mineurs; 
fomentopexie;13 la transplantation thora- 
cique de la rate.32
2. Celles qui visent a l’obliteration de 
la circulation collaterale constitute: (a) 
chirurgie d’urgence: ligatures transfixiantes 
des varices oesophagiennes: (i) par voie 
thoracique;8, 24 (ii) par voie abdominale,49 
injection sclerosante des varices par voie 
endoscopique;5 (b) chirurgie elective: (i) in­
terruption porto-azygos;42 (ii) gastrectomie 
proximale.34
L’auteur conclut enfin en donnant les 
methodes a utiliser selon un ordre prefe- 
rentiel: L ’anastomose porto-cave termino- 
laterale sera faite toutes les fois que c’est 
possible. L ’anastomose spleno-renale est le 
meilleur choix si la veine porte est inu- 
tilisable ou s’il existe un etat severe d’hv-
persplenisme associe. L’interruption porto- 
azygos et la gastrectomie proximale restent 
les meilleurs moyens palliatifs.
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Su m m a r y
The present surgical possibilities for alleviation 
of portal hypertension are reviewed. The multi­
plicity of available therapy may not necessarily 
indicate that good therapy for this condition 
does not exist.
The surgical procedures used in the manage­
ment of portal hypertension are classified as fol­
lows: 1. Methods for lowering the venous pres­
sure: (a) splenectomy; (b ) interruption of the
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arteriovenous shunts in the cirrhotic liver, and 
(c )  substitution of an artificial collateral route:
( i)  curative: venous shunting procedures.
(ii) palliative: omentopexy; thoracic transposi­
tion of the spleen.
Here, experiments demonstrating the respec­
tive advantages of each kind of shunt must be 
described in their entirety.
Portal hypertension is no longer considered to 
be the outcome of a single obstructive cause, but 
rather the result of many etiological factors, in­
cluding the arteriovenous shunts in the liver 
and the mesenteric area, and the resistance offered 
by collateral circulation. Normal and retrograde 
portal flows are discussed. The superiority of 
complete shunt becomes progressively obvious,
while it appears that the shunt “in continuity” 
possibly may be discarded because of its dangers. 
2. Methods for obliterating the spontaneous col­
lateral circulation: (a ) emergency surgery: liga­
tion by suture of esophageal varices, and ( b ) 
elective surgery: ( i)  portal-azygos disconnection 
of gastric transection; (ii) resecton of the lower 
esophagus and the upper stomach.
The following sequence of choice of operation 
is recommended: Every effort should be made to 
perform an end-to-side portacaval anastomosis. In 
the event that the portal vein is not suitable for 
such an anastomosis, splenorenal anastomosis be­
comes the alternate method. Gastric transection 
and resection may result in considerable improve­
ment if a shunt cannot be effected.
THE INCUBATION PERIOD OF CORONARY
THROMBOSIS. G. R. Osborn, with a chapter
by R. F. Davis. 190 pp. Illust. Butterworth &
Co. (Canada) Ltd., Toronto, 1963. $12.50.
If one assumes that the key issues in the prob­
lems of coronary atheroma can be sought by 
morbid anatomical approach then Dr. Os­
born’s monograph is a good catalogue of this 
information. This assumption, which the 
author makes on the basis of an immense series 
of careful macromicroscopical studies of the 
coronary vessels from infancy to old age, may 
not receive unqualified acceptance in a field 
where heredity, metabolism, endocrinology 
and socioeconomic aspects have all been im­
plicated.
The monograph is presented in thesis form 
and as such is well done. The illustrations, all 
black and white, are excellently reproduced 
and readily show the key points under dis­
cussion. Bibliography is completely lacking 
and although this might be judged as a serious 
omission, it is justified on the basis of the 
author’s approach to the problem. Dr. Osborn 
indicates that without any pre-existing and 
possibly prejudicial knowledge concerning the 
coronary atheromatous process, information 
could best be obtained by a larger series of 
co-ordinated personal observations on all stages 
of the disorder in all age groups.
Chapter 11 on the hemodynamics of the cor­
onary circulation is an interesting correlation 
of abnormal histology with alteration in the 
character of flow produced by intimal lesions. 
It reconfirms that physical phenomena play a 
significant role in the distribution and severity 
of the pathological changes. The changes de­
scribed are not new, but in many instances the 
interpretations placed upon them bv the author 
are. His ideas are reasonable, although they 
may differ from other currently held theories.
This monograph is of practical value to any 
student of coronary artery pathology who may 
wish to carry out a comprehensive coronary 
survey on unselected autopsy material. The 
methodology and coding are practical and 
might be utilized in studies on other vascular 
beds as well.
LE MESENTERE. Sous la direction de Guy
Albot et Felix Poilleux. 160 pp. Illust. Masson
& Cie, Paris, 1963. 50 NF. ($10.00 approx.).
Sous la direction des Docteurs Guy Albot et 
Felix Poilleux vient de paraitre le llem e tome 
des  ^ actualites hepato-gastroenterologiques de 
l’H6tel-Dieu de Paris.
Les differents articles de cette publication 
sont consacres aux principaux problemes chi- 
rurgicaux que pose le mesentere.
On y envisage successivement: les manifes­
tations pathologiques par defaut d’aceolement 
du colon droit, les anomalies congenitales du 
mesentere, les kystes et les tumeurs solides du 
mesentere, des mesos, les adenopathies mesen- 
teriques, et, dans le dernier chapitre, les in- 
farctus du mesentere.
Ces differentes affections y sont etudiees 
au point de vue embryologie, etiologie, patho- 
genie, manifestations cliniques et diagnostic 
radiologique. Les auteurs decrivent enfin, les 
differentes methodes de traitement tant au 
point de vue ehirurgieal que medical.
Certains exposes presentent une division 
claire des differentes affections chirurgicales 
du mesentere, dans un style concis. De nom- 
breux schemas, cliches radiologiques et pho- 
tographiques illustrent la pathologie decrite.
Nous recommandons vivement cette publi­
cation, car nous sommes persuades qu’elle 
pourra etre tres utile au corps ehirurgieal, 
d’autant plus que peu de monographes sur le 
sujet existent et sont aussi complets.
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CASE REPORTS
NON-FUNCTIONING ADRENAL C O R TIC A L CARCINOM A: 
A REPORT OF TW O  CASES9
W. H. OAKES, M.D. and A. W. HARRISON, M.D., F.R.C.S.fC], Toronto
Non-functioning adrenal cortical carci­
noma is a rare tumour. A  total o f 38 cases 
was reported in the literature between 1930 
and 1955V 2 W e have recently had experi­
ence with two patients suffering from this 
cancer.
Case 1.— A 55-year-old executive from the 
Department of Veterans Affairs was admitted 
on November 1, 1961, with a two-year history 
of chronic cough, intermittent pyrexia, easy 
fatigability and a 20 to 25 lb. loss of weight. 
The only abnormal finding on general physi­
cal examination was a large fixed smooth mass 
which was palpated in the left upper quad­
rant of the abdomen. Laboratory investigation 
gave the following results: hemoglobin, 11.7 
g. % (75%); hematocrit, 39%; erythrocyte sedi­
mentation rate, 69 mm./hr.; leukocyte count, 
5900/c.mm. A chest radiograph showed no 
abnormality. The intravenous pyelogram re­
vealed that the left kidney was pushed down­
ward and forward by a large mass (Figs. 1 
and 2). Retroperitoneal carbon-dioxide in­
sufflation was carried out and outlined the 
tumour (Fig. 2 ). The differential diagnosis in­
cluded the following entities: adrenal carci­
noma, pancreatic cyst or tumour and other 
retroperitoneal tumours. In the absence of 
clinical evidence of endocrine abnormality, 
steroid studies were not undertaken.
On November 25, 1961, the mass was ex­
posed by a left thoracoabdominal incision re­
moving the tenth rib. A large adrenal tumour 
was found which measured 16 cm. in diame­
ter. Because it was fixed to surrounding struc­
tures, the spleen, tail and part of the body of 
the pancreas and left kidney were removed 
with the tumour. The lymph nodes in the 
para-aortic lymphatic chain were not enlarged 
to palpation.
The surgical specimen consisted of a spher­
ical mass 16 cm. long which had an attached 
portion of pancreas 9 cm. in length. The tu­
mour was completely encapsulated. The cut 
surface had a variegated appearance with
“ From the Department of Surgery, Sunnvbrook 
D.V.A. Hospital, Toronto.
Fig. 1.—An intravenous pyelogram in Case 1 
showing the left kidney pushed downward and 
backward.
Fig. 2.—The tumour mass in Case 1 outlined 
during retroperitoneal carbon-dioxide insufflation.
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Fig. 3.—The surgical specimen in Case 2 cut 
in half. The lobulated surface of the tumour can 
be seen. It measured 15 x 15 x 10 cm.
nodules of soft pinkish-grey tumour tissue in­
terspersed with bright orange material. The 
microscopical sections demonstrated numerous 
areas of necrosis and hemorrhage. The cells 
resembled the large pink-staining cells of the 
zona glomerulosa of the adrenal cortex. The 
tumour nuclei ranged from small regular 
forms to large hyperchromatic nuclei showing 
many forms of mitoses. The lymph nodes in 
the specimen were free of tumour. The patho­
logical diagnosis was adrenal cortical carci­
noma with extension of tumour into the small 
veins of the adrenal.
The patient is still alive two years later but 
metastases have been demonstrated in the 
dorsal spine and ribs. Radiation to these areas 
has not produced improvement.
C a se  2.—A 42-year-old carpenter was ad­
mitted in September 1962 because of a three- 
year history of episodic right upper quadrant 
abdominal pain accompanied by fever and 
chills. He had been treated elsewhere, with 
diagnoses such as perforated duodenal ulcer, 
acute cholecystitis and pleurisy. On physical 
examination right upper quadrant tenderness 
and guarding were noted. The liver could be 
percussed two to three fingers’ breadth below 
the costal margin. No definite mass could be 
palpated in the abdomen. There were no phys­
ical signs of endocrine dysfunction.
Laboratory investigations similar to those 
described in Case 1 were carried out, with 
the exception of retroperitoneal carbon-dioxide 
insufflation, and were within normal limits. 
Steroid studies were not undertaken owing to 
the absence of physical signs of adrenal dys­
function.
A secretin test was performed and the re­
sult indicated some obstruction to pancreatic 
secretion, which was compatible with a diag­
nosis of chronic relapsing pancreatitis.
Radiological investigation revealed only an 
elevation of the right hemidiaphragm on a 
radiograph of the ohest. The results of a 'bari­
um meal, intravenous pyelograms and an oral 
cholangiogram were within normal limits.
An exploratory laparotomy was performed 
on September 24, 1962. A large retroperi­
toneal mass was found overlying the upper 
pole of the right kidney and displacing the 
liver anteriorly and inferiorly. There was some 
question as to the resectability of this lesion. 
Obviously a wide thoracoabdominal exposure 
would be necessary. Because the patient had 
not been prepared for a procedure of such 
magnitude, the incision was closed and it was 
decided to operate again after the laparotomy 
wound had healed.
One month later on November 29, the tu­
mour was exposed by a right thoracoabdomin­
al incision. Several large tortuous veins 
coursed over its capsule. The mass extended 
beyond the midline, thinning and stretching 
the inferior vena cava over its anterior surface. 
At points the vena cava was firmly bound to 
the capsule of the tumour and a plane of 
dissection was established with some difficulty. 
A portion of diaphragm adjacent to the ori­
fice of the inferior vena cava was removed 
with the tumour because of the firm adher­
ence of the latter to it. The right kidney was 
not invaded and was left intact. No para­
aortic nodes were found. The possibility that 
residual tumour existed, adherent to the wall 
of the inferior vena cava, could not be com­
pletely ruled out. On removal the mass mea­
sured 15 x 15 x 10 cm. (Fig. 3 ).
The specimen consisted of a large, smooth, 
rounded, greyish-pink, firm mass. Its cut sur­
face was lobulated and greyish yellow in 
colour.
Tumour cells lay in masses and formations 
similar to the zona glomerulosa of the adrenal 
cortex. The cells were polyhedral with vary­
ing amounts of lipid in the cytoplasm. The 
nuclei were hyperchromatic with mitotic fig­
ures and pleomorphism. The malignancy of the 
tumour was further confirmed by capsular in­
vasion with cells in lymphatics and blood 
vessels. The pathological diagnosis was adren­
al cortical carcinoma (Figs. 5 and 6).
Postoperatively the patient did well. At 12 
months, a follow-up examination in October 
1963 showed no signs or symptoms of tu­
mour recurrence or metastases on physical ex­
amination and chest radiograph.
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Fig. 4.—A photomicrograph of the tumour showing a representative field; 
clumps and sheets with the occasional mitotic figure can be seen.
Fig. 5.—A photomicrograph of the tumour capsule showing an endothelial- 
lined channel with tumour cells in its lumen.
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D iscussion
Adrenal cortical carcinomas are usually 
classified into two groups, the functioning 
(hormone-producing) and the non-func­
tioning (non-hormone-producing) tumours. 
These are uncommon cancers. MacFarlane3 
refers to Steiner’s review df all the ne­
cropsies at the Los Angeles County Hos­
pital during the period 1918 to 1947 in 
which adrenal cortical carcinoma accounted 
for 0.2% of all malignant tumours. Rapa- 
port et al.2 were able to collect only 273 
cases of this tumour in a review of the lit­
erature from 1930 to 1949; of this total, 
238 were functioning and 35 were non­
functioning tumours. Similar reviews by 
Heinbeclcer, O’Neal and Ackerman1 and 
Wood, Lees and Rosenthal4 have also dem­
onstrated the lower incidence of non­
functioning variety.
The symptoms and clinical findings are 
obscure in non-functioning tumours. The 
presence of an abdominal mass, pain or 
blood-borne metastases is the key to diag­
nosis. Intermittent pyrexia is a common 
finding.5 Non-specific symptoms such as 
weakness, fatigue, weight loss and anor­
exia are also frequently encountered in the 
presence of these tumours.
Films of the abdomen may show a soft- 
tissue mass, with or without calcification. 
Intravenous pyelograms frequently demon­
strate that the kidney of the involved side 
is displaced downwards and backwards or 
forwards depending upon the direction of 
the tumour’s growth. Retroperitoneal car­
bon-dioxide insufflation occasionally out­
lines the tumour but this examination is 
hazardous and should not be undertaken 
lightly.
The pathological picture5 of adrenal cor­
tical carcinoma in the gross reveals a large 
encapsulated tumour, pale yellow-brown 
on the cut surface and quite friable. The 
capsule is thinned in areas of invasion. The 
tumour frequently grows into the adrenal 
vein and capsular veins. It spreads by local 
invasion, by lymphatics and by the blood 
stream. Histologically, the cells resemble 
those of the adrenal cortex except for in­
creased pleomorphism and mitotic activity. 
There is marked vascularity of the tumour.
The capsule and the lymphatics and blood 
vessels are usually invaded.
The consensus is that the patient suffer­
ing from adrenal cortical carcinoma has a 
poor prognosis. MacFarlane’s series3 pro­
vides the best material to date for objec­
tive evaluation of this tumour. In his series, 
there were 13 three-year survivors out of 
a total of 55 patients, an overall three-year 
survival rate of 24%. Of the 20 patients 
in whom radical resection was performed 
for cure, 13 lived for three years. The prog­
nosis for functioning and non-functioning 
tumours proved to be roughly the same.
Treatment consists of radical excision 
whenever possible. Local radiation and 
radiation of metastatic tumour nodules is 
felt to be of little benefit. Ortho-paraprime 
2,2-bis (parachlorphenyl) -1,1-dichlore-
thane (O, pi D D D ) has been used in the 
chemotherapy of functioning adrenal cor­
tical carcinomas and should be considered 
in the treatment of patients with non­
functioning tumours when metastases are 
present.
Su m m ar y
The case histories are presented of two 
patients from whom non-functioning adren­
al cortical carcinomas were removed surgi­
cally. A brief description of the tumours 
is given and the current literature is re­
viewed. The generally poor prognosis as­
sociated with this tumour and the relative 
rarity of the lesion is pointed out.
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Resume
Deux histoires de cas sont presentees ici. La 
premiere est celle d’un homme de 55 ans, admis 
au “ Sunnybrook D.V.A. Hospital” de Toronto, en 
novembre 1961, avec une histoire longue de deux 
ans, de toux chronique, fievre intermittente, 
grande fatigabilite et perte de poids de 20 a 25 
livres. A l’examen physique, la seule decouverte 
anormale etait celle d’une large tumefaction fixe 
et molle, que Ton pouvait paiper dans le quad­
rant superieur gauche de l’abdomen. L ’examen 
radiologique pulmonaire etait negatif. Par contre, 
un pyeiogramme intraveineux montra un deplace­
ment du rein gauche vers l’avant et en bas; une 
insufflation retroperitoneale de gaz mit en evi­
dence une tumeur au sujet de laquelle les dia­
gnostics differentiels suivants pouvaient etre en­
visages; kyste du pancreas, cancer ou n’importe 
quelle autre tumeur retroperitoneale. On pratiqua 
alors une laparotomie par incision thoraco-abdomi- 
uale gauche avec resection de la dixieme cote: 
il s’aggissait d’une grosse tumeur surrenalienne 
mesurant 16 cm. de diametre. A cause des ad- 
herences, on dut resequer la rate et une partie 
du pancreas. A l’examen anatomo-pathologique, la 
tumeur etait bien encapsulee; au microscope, les 
cellules etaient semblables a celles de la zone 
glomerulaire de la corticale surrenale. Les noyaux 
etaient d’apparence irreguliere et presentaient de 
nombreuses mitoses. Les ganglions lymphatiques 
ne montraient pas de signe de metastatisation. A 
1 heure actuelle, ce patient est encore vivant, en 
bonne sante. Le deuxieme cas est celui d’un char- 
pentier de 42 ans, admis en septembre 1962, pour 
des douleurs intermittentes dans la region haute 
du ventre depuis trois ans. Des episodes de fievre 
et de frissons survenaient a l’occasion. A 1’examen
physique, on nota une defense du quadrant su­
perieur droit de l’abdomen, mais aucune tume­
faction n’etait palpable. Les examens de labora- 
toires etaient normaux, a l’exception d’une epreuve 
pour la secretine qui suggera un etat d’obstruc- 
tion au niveau des canaux pancreatiques. Les 
radiographies ne montrerent qu’une elevation de 
l’hemi-diaphragme droit. Le transit baryte et les 
pyelogrammes etaient normaux. On proceda a une 
laparotomie exploratrice, qui mit en evidence une 
large tumeur retroperitoneale, situee immediate- 
ment au-dessus du rein droit; la resection ne- 
cessitait une plus large incision et comme le ma- 
lade n’avait pas ete prepare pour une grande 
intervention, l’operation fut repoussee a un second 
temps. Celle-ci fut effectuee environ un mois plus 
tard, a travers une grande incision thoraco- 
abdominale; la tumeur etait, en certains points, 
adherente a la veine cave inferieure, et sa dis­
section en fut delicate. Du point de vue anatomo- 
pathologique, il s’agissait la encore, d ’une tumeur 
formee de cellules du type zone glomerulaire sur­
renalienne, avec anomalies nucleaires et nom­
breuses mitoses. Le malade eut des suites opera- 
toires sans complications et est actuellement 
gueri. Nous sommes done en presence de deux 
cas de carcinomes de la corticosurrenale sans 
symptdmes endocrinologiques. Le diagnostic 
clinique en est, de ce fait, malaise; parmi les 
symptomes, outre la presence eventuelle d’une 
masse abdominale, il faut noter la frequence des 
acces de fievre. Les pyelogrammes montrent sou- 
vent un deplacement du rein du cote atteint. Le 
traitement est evidemment l’excision aussi radicale 
que possible, avec ou sans irradiation, ( qui semble 
avoir peu d ’effet), avec ou sans drogues antican- 
cereuses.
GASTRIC SURGERY. Errors, Safeguards, and 
Management of Malfunction Syndromes. Moses 
E. Steinberg. 342 pp. Illust. Appleton-Century- 
Crofts, New York, 1963. $12.95.
A quarter of this book is devoted to the his­
tory of operations on the stomach. The ver­
batim translation of Pean’s and Billroth’s orig­
inal communications is noteworthy. This 
progressive story of the surgery of gastric dis­
orders makes the book worth while.
The second section of the book is devoted 
to a discussion of malfunctions associated with 
the gastric pouch, and the visceral disturb­
ances that may ensue. The material is erudite 
and clear cut, and a fair gleaning of the best 
of the world s literature has been presented.
The next topic discussed is pantaloon gas­
trectomy developed by the author. Numerous 
diagrams and radiographs are included as well 
as a comparison of end-results obtained with 
conventional gastrectomy. The case histories
are perhaps redundant and might have been 
improved by editing. The author appears to 
have indulged in some “salesmanship” in the 
presentation of his operation.
The fifth and final part is devoted to an 
evaluation of surgical methods for the treat­
ment of benign peptic ulceration. It is ex­
tremely short in comparison to the foregoing 
portions, and little factual evaluation is pre­
sented. Vagotomy is virtually dismissed and 
is given only a few words. The modern surgi­
cal approaches are ignored, a conclusion re­
inforced by a perusal of the bibliography. 
Such subjects as vagotomy and pyloroplasty, 
segmental gastrectomy, selective vagotomy, 
gastric hypothermia and freezing, and the re­
lationship of the Zollinger-Ellison syndrome 
to peptic ulceration are not mentioned. Fu­
ture revisions may allow for their inclusion.
This book is recommended for the surgeon 
who “needs everything”.
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ENDARTERECTOMY FOR ACUTE MESENTERIC ARTERIAL
INSUFFICIENCY
ALLAN M. LANSING, M.D., Ph.D., F.R.C.S.[C]“ and THOMAS D. McLARTY, M.D.,
F.R.C.S.[C],t London, Ont.
Advances in vascular surgical technique 
have led to increasing surgical interest in 
acute mesenteric arterial insufficiency. 
Only rarely has emergency surgical ther­
apy of a thrombosed superior mesenteric 
artery with restoration of flow been 
reported,1-2 although embolectomy is rela­
tively more common. Malabsorption syn­
drome caused by chronic mesenteric ar­
terial insufficiency has also attracted recent 
attention.3, 4
The case to be reported is of interest 
not only because the patient presented 
with an acute abdominal condition of un­
known etiology, but also because the diag­
nosis of superior mesenteric artery throm­
bosis could easily have been missed even 
at laparotomy if the surgeon had not been 
aware of the possibility. It also demon­
strates that success can be achieved despite 
the patient’s advanced age and poor gen­
eral condition.
C ase Report
An 82-year-old white man was admitted 
to hospital with a one-week history of drowsi­
ness and aphasia. Three days before admission 
it was noted that he had constipation not re­
lieved by cathartics. Increasing abdominal dis­
tension and tenderness led to his transfer to 
hospital.
Examination revealed an acutely ill man in 
a semi-conscious state, who had aphasia and 
weakness of the right arm and leg. Peripheral 
cyanosis and stertorous respirations were pres­
ent. The abdomen was distended and re­
mained so even after removal of 1000 c.c. of 
urine from the bladder by catheterization. The 
abdomen was diffusely tender and no bowel 
sounds were present, but the patient was not 
vomiting. A rectal examination revealed no pathology.
The patient’s temperature was 102° F.; the 
heart rate 120 per minute and irregular, the
“John and Mary Markle Scholar in Medical Sciences. Presently Associate Professor of Surgery, University of Louisville, Louisville, Kentucky, U.S.A.
flnstructor in Surgery, University of Western On­tario, London, Ont.
respiratory rate 54 per minute, and the blood 
pressure 132/60 mm. Hg. A chest radiograph 
was normal for the patient’s age, but radio­
graphs of the abdomen showed the picture of 
paralytic ileus with gas in both the large and 
small bowel but no fluid levels. An electro­
cardiogram showed ventricular extrasystoles, 
left-axis deviation, hypertrophy of the left 
ventricle and some myocardial ischemia pre­
sumably on an arteriosclerotic basis.
Laboratory examination revealed a hemo­
globin of 14.0 g. and hematocrit of 44%. The 
urinalysis showed a few red and white blood 
cells, a specific gravity of 1.012 and a pH of 
4.5, and was negative for sugar, protein and 
acetone. His leukocyte count was 22,300/ 
c.mm., blood sugar 132 mg. %, serum sodium 
155 m Eq./l., serum potassium 4.5 m Eq./l. and 
blood urea nitrogen (BUN) 80 mg. %.
It was decided that the patient had evi­
dence of a cerebral vascular accident, possibly 
a recent myocardial infarction and mesenteric 
arterial insufficiency. Despite his poor condi­
tion, surgical exploration of the abdomen was 
carried out eight hours after admission.
The operation was performed under spinal 
anesthesia through a midline abdominal in­
cision. There was no gross pathology within 
the abdomen and no free fluid was present. 
There was, however, a very slight odour with­
in the peritoneal cavity suggestive of an E. 
coli infection. Closer examination of the distal 
small intestine showed that it was a bluish- 
pink colour, that there were no pulsations in 
the vessels of the distal mesentery and that 
peristalsis was absent. Palpation of the origin 
of the superior mesenteric artery revealed an 
intense systolic thrill. The posterior peritoneum 
was incised and the small intestine was 
brought out. The origin of the superior mesen­
teric artery was dissected out and the middle 
colic vessel was exposed. Encircling tapes were 
placed around the middle colic artery and the 
distal superior mesenteric artery, and the lat­
ter vessel was mobilized up to its origin from 
the aorta. A thick calcific plaque was felt at 
the origin, associated with diminished pulsa­
tion and a thrill distal to this. A vascular clamp 
was placed across the origin of the mesenteric 
artery including a portion of the anterior wall 
of the abdominal aorta, and the distal mesen­
teric artery and middle colic arteiy were 
occluded, after which a 1 V-i" longitudinal ar-
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terotomy incision was made in the superior 
mesenteric artery close to its origin. An end­
arterectomy was carried out with removal of 
the plaque from the origin of the vessel. The 
artery was carefully flushed from the aorta in 
a retrograde fashion, and loose pieces of in- 
tima were removed. The arterotomy incision 
was then closed with a running 4-0 silk suture 
and blood flow restored to the mesenteric 
vascular bed. After restoration of flow, the 
bowel immediately returned to a bright pink 
colour and peristalsis became vigorous in the 
entire small intestine. Pulsations were felt in 
the distal arcade to within 3" or 4" of the 
intestinal lumen. The abdomen was closed 
with interrupted wire sutures. During the pro­
cedure the patient received 500 c.c. of blood, 
and at the conclusion of the procedure he had 
a large, loose, non-bloody bowel movement 
while still on the operating table.
The patient was returned to the recovery 
room where the urinary output remained ex­
cellent. The blood pressure had risen to 
160/90 mm. Hg and the heart rate was 85 
per minute and regular. Right-sided weakness 
and aphasia were still present. The postopera­
tive management consisted of intravenous 
fluids, penicillin 10 million units intravenously 
every eight hours for six days, streptomycin 
2.0 g. every 12 hours intramuscularly for six 
days, heparin 50 mg. intravenously every six 
hours for 'five days beginning 10 hours post- 
operatively, and cortisone acetate 75 mg. intra­
muscularly every 12 hours for five days fol­
lowed by decreasing doses over the next five 
days.
On the first postoperative day, bowel sounds 
were present and the urine output, heart rate 
and blood pressure remained stable. The hemo­
globin was 15.1 g., hematocrit 47%, serum 
sodium 157 mEq./l., C 0 2 combining power 
21.5 mEq./l., serum potassium 4.2 mEq./l., 
serum chloride 112.6 mEq./l., and BUN 37 
mg. %.
On the second postoperative day, the pa­
tient had clinical signs of pulmonary atelec­
tasis and was coughing very poorly. The Levin 
tube was removed and the trachea was suc­
tioned with the removal of a large amount of 
thick purulent mucus from which a pure 
growth of E. coli was obtained. Deep breath­
ing was encouraged by means of a face mask 
and Bennett respirator, and tracheal suction 
was carried out at frequent intervals. The rec­
tal temperature was 100° to 101° F. for the 
first five days and then 99° to 100° F. for the 
next five days, after which it returned to nor­
mal.
On the third postoperative day, the hemo­
globin was 12.9 g., hematocrit 41%, serum 
sodium 144.5, potassium 3.2, and chloride 
105.8 mEq./l. On the fourth postoperative 
day, the patient began to pass gas per rectum 
and was started on oral fluids. On the fifth 
postoperative day the hemoglobin was 13.7 
g., hematocrit 45%, serum sodium 149, C 0 2 
combining power 17.5, serum potassium 3.8, 
and serum chloride 112.4 mEq./l.
The patient passed tarry stools on the sev­
enth postoperative day but appeared well and 
was on a soft diet. The major postoperative 
problem was urinary retention caused by a 
greatly enlarged prostate gland. Conservative 
measures did not overcome the urinary reten­
tion and he was discharged with an indwell­
ing catheter on the advice of the urological 
consultant. His BUN at that time was 13 mg. 
%.
At the time of discharge, five weeks after 
admission, the patient was fully ambulatory, 
the aphasia had disappeared and the weakness 
in the right arm and leg was no longer pres­
ent. He has remained active and well up to 
the date of publication.
D iscussion
The clinical picture in this elderly pa­
tient suggested the diagnosis preoperative- 
ly. He had evidence of diffuse arterial dis­
ease and myocardial insufficiency, with a 
low cardiac output and blood pressure 
which were possible precipitating factors 
in both the stroke and the acute abdomin­
al condition. Diffuse abdominal tenderness 
was present in a silent abdomen, but 
bloody diarrhea, a late finding, had not 
occurred.
The most striking feature in the labora­
tory examination was a greatly increased  
leukocyte count (22,300/c.mm.), a finding 
that was quite helpful in the diagnosis. 
Although the blood pressure was 130/60 
mm. Hg, this was below the postoperative 
level of 160/90. Other evidences of shock, 
toxicity and acidosis were found in the in­
creased temperature, rapid heart rate, rapid 
stertorous respirations, increased concentra­
tion of serum sodium and greatly elevated 
BUN.
At operation the diagnosis could have 
been missed if the minimal changes had 
not led to exploration of the artery. Al­
though the bowel was not purple or black,
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the colour of the terminal ileum was not a 
healthy pink. No peristalsis was present, 
and, although there was no exudate in the 
peritoneum, a slight odour similar to an E. 
coli infection was noted. The small vessels 
of the peripheral arcade were then in­
spected, and no pulsations were found. 
These observations led to palpation and ex­
posure of the superior mesenteric artery 
where an intense systolic thrill was felt in 
the artery just distal to a plaque at its ori­
gin.
Restoration of blood flow resulted in a 
return of pulsations to the mesenteric ves­
sels, improved intestinal colour, and im­
mediate active peristalsis. In two hours, 
the patient’s blood pressure rose to normal 
(160/90 mm. Hg) and the heart rate fell 
to 85 per minute. The BUN returned to 
normal in a few days.
The important findings in this case — 
diffuse abdominal tenderness, high leuko­
cyte count, slight odour in the peritoneal 
cavity, and absent pulsations in the mesen­
teric arterial arcade—led to early surgical 
correction of the arterial obstruction. If 
attention had not been paid to these ob­
servations, the findings at laparotomy would 
have left the diagnosis in doubt and the 
opportunity would have been missed.
Su m m a r y
An 82-year-old man with acute mesenter­
ic arterial insufficiency was successfully 
treated by endarterectomy. The preopera­
tive diagnosis was suggested by diffuse ab­
dominal tenderness, ileus and a high 
leukocyte count in an elderly patient. At 
operation the significant findings were a 
slight odour in the peritoneal cavity, absent 
pulsations in the distal arteries, and a thrill 
at the origin of the superior mesenteric 
artery despite a fairly normal-appearing in­
testine.
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Resume
II n’a ete que rarement rapporte des cas d’in- 
terventions d’urgence en vue de retablir le cou- 
rant sanguin normal dans une artere mesenterique 
thrombosee. Le cas presente ici est peu ordinaire. 
II s’agit d’un malade age de 82 ans, admis a 
l’hopital pour un syndrome d’aphasie remontant a 
une semaine. Durant son sejour, un tableau ab­
dominal grave s’etait developpe. Lors du premier 
examen, le malade presentait un mauvais etat 
general: 1’abdomen etait ballonne et aucun bruit 
intestinal ne pouvait etre pergu a 1’auscultation. 
Un examen radiographique de l’abdomen a vide 
montra l’image caracteristique de l’ileus paraly- 
tique. La temperature etait a 102° F., le pouls a 
120. Le diagnostic qui fut alors pose etait: acci­
dent vasculaire cerebral, avec peut etre existence 
d’un infarctus du myocarde recent, et insuffisance 
mesenterique. Malgre le tres mauvais etat gene­
ral, on decida de tenter d’intervenir. On pratiqua 
une laparotomie mediane sous anesthesie spinale. 
A premiere vue, il n’y avait que peu de lesions 
dans le ventre; cependant, on nota que la portion 
terminate de l’intestin grele avait une couleur 
bleuatre anormale, qu’il n’y avait aucun peristal- 
tisme, et qu’il n’y avait pas de pulsations dans les 
vaisseaux mesenteriques. Par contre, il existait, a 
l’origine de l’artere mesenterique superieure, un in­
tense “thrill” systolique. On pratiqua alors une en- 
darterectomie, qui permit d’enlever une plaque 
calcifiee et des debris d’endartere. En fin d’opera- 
tion, le peristaltisme reapparut. Les suites opera- 
toires furent relativement simples, et le patient 
put etre renvoye a domicile cinq semaines apres 
son admission, en excellent etat. Les auteurs in­
sistent sur la difficulty qu’il y a a faire ce diag­
nostic, meme lors de la laparotomie, et montrent 
quels en sont les signes; si le diagnostic est con­
tinue, 1’endarterectomie doit alors etre tentee.
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NEURILEMMOMA IN BONE8 
Report of a Case
K. S. MORTON, M.D., C.M., M.Sc., F.R.C.S.[C] and P. S. VASSAR, M.B., B.S.,
Vancouver, B.C.
A lthough  the terminology of peripheral 
neurogenic tumours has remained contro­
versial, the existence of a benign tumour 
of nerve sheath cells has been accepted 
since Verocay first described it adequate­
ly in 1908.*•12 His name for this lesion, 
neurinoma, remains in wide use today, 
though the terms schwannoma8 and peri­
neural fibroblastoma8 are also commonly in 
use. Because the cell of origin of this nerve- 
sheath tumour remains in doubt, we prefer 
the descriptive term “neurilemmoma” sug­
gested by Stout12 in 1935.
According to Stout,12 this tumour is not 
uncommon. Neurilemmoma in bone, on the 
other hand, is exceedingly rare. The lesion 
has been reported in the mandible on four 
occasions,1' 11 the sacrum in two,2' 7 the 
ulna in three,1- 4' 9 the metacarpal in two1’ 8 
and in the femur,6 humerus,® patella7 and 
fibula.1 Recently, Seth, Rao and Kathpalia10 
have reported a case of neurilemmoma in­
volving the terminal phalanx of the right 
index finger of a man aged 21, and these 
authors mention two other case reports in 
the literature. These tumours involved the 
mandible and humerus. Thus it appears 
that 19 cases of neurilemmoma in bone 
have been documented.
The cases of Jones8 and of Seth et al.10 
are of particular interest in view of their 
similarity to the present case with involve­
ment of a phalanx. In each instance the 
clinical diagnosis was enchondroma of bone 
whereas the histological diagnosis was 
neurilemmoma in bone.
C ase R eport
S.L., a woman of 45 years, presented with 
a six-months’ history of pain and stiffness in 
her right ring-finger. Two months earlier she 
had struck the finger and suffered increased 
pain with swelling and ecchymosis. Radio-
“ From the Departments of Surgery and Pathology, 
Faculty of Medicine, University of British Colum­
bia, Vancouver, and the Vancouver General Hos­
pital.
Fig. 1.—Radiolucent lesion involving proximal 
half of phalanx.
graphs at this time revealed a radiolucent le­
sion involving the proximal half of the phalanx 
(Fig. 1). A fracture was apparent through the 
thinned cortex and a diagnosis of enchondroma 
was made.
The lesion was excised and bone grafted 
on May 14, 1963. At operation the cortex of 
the proximal phalanx was deficient and en­
capsulated tumour bulged through the defects. 
A large window was easily opened through 
thinned cortex and the tumour tissue presented 
as a solid, rubbery, homogenous and translu­
cent pale-brown mass which shelled out from 
the centre of the bone. Stability of the phalanx 
was restored by inserting a large autogenous 
iliac bone graft into the cavity.
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Fig. 2.—Histological appearance of neurilemmoma in bone, showing prominent 
palisading.
Histologically (Fig. 2), the encapsulated tu­
mour consisted of palisaded Schwann cells 
showing typical Antoni type A and B config­
uration and occasional Verocay bodies.
S u m m a r y  and  C onclusions
This case report presents a neurilem­
moma arising within the proximal phalanx 
of the right ring-finger. Clinically and 
radiologically the lesion closely simulated 
an enchondroma. An indication of the rar­
ity of the lesion is apparent in that only 
19 cases of neurilemmoma in bone have 
been recorded. Contrary to the opinion of 
Jones8 and of Hart and Basom8 (restated 
by Ackerman and Spjut1) the lesion here­
in reported did not occupy the midshaft 
position and is distinctly separated from 
the nutrient foramen (Fig. 1).
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R e su m e
La terminologie anatomo-pathologique qui 
traite des tumeurs d’origine nerveuse est toujours 
res tee confuse: il existe une tumeur, derivee des 
cellules de la gaine nerveuse, qui est appellee 
‘ neurinome” ou “schwannome”, ou encore “neuro- 
blastome perineural” . Etant donne que le type 
cellulaire precis qui en est l’origine est inconnu, les 
auteurs preferent employer le terme de “neurilem-
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mome”. Ce type de tumeur est relativement fre­
quent, mais cependant tres rare au niveau de l’os. 
C’est un cas de ce genre qui est presente ici. Une 
femme de 45 ans, souffre depuis six mois de 
douleurs et de faiblesse dans son annulaire droit. 
Ayant presente un episode traumatique, elle fut 
radiographiee et cela permit de decouvrir une 
lesion claire occupant la moitie proximale de la 
phalange, ayant erode le cortex osseux et une
fracture s’etait produite de ce fait. Cette lesion fut 
resequee en mai 1963 et l’on proceda en outre a 
une greffe osseuse. C’etait une petite tumeur 
solide, de consistance caoutchouteuse, de couleur 
brun pale, legerement translucide. Microscopique- 
ment, il s’agissait d’une masse de cellules de 
Schwann, done d’un neurilemmome. Dans la 
litterature, seulement 19 cas de ce genre ont ete 
trouves.
LUMBAR DISCOGRAPHY. John S. Collis, Jr.
With a foreword by Wallace B. Hamby. 173
pp. Must. Charles C Thomas, Springfield, 111.;
The Ryerson Press, Toronto, 1963. $14.00.
This is an analysis of 1014 consecutive pa­
tients who had lumbar discography. The first 
three chapters deal with the structure of the 
intervertebral disc, and the technique and in­
terpretation of discograms. Fifty pages of re­
productions of discograms follow, with 
sketch interpretations of each and a brief com­
ment on clinical signs. The work to this point 
is useful for anyone who wants to learn the 
technique and who does not have access to a 
medical library or journals.
The last half of the work consists of no less 
than 101 tables showing a correlation between 
the discogram findings and all manner of surg­
ical observations (many of them intangible) 
in 493 patients. In addition, there are six 
graphs dealing with the significance of “re­
sistance and rebound to injection” of the 
intervertebral discs. This excessive analysis, 
and particularly the treatment of subjective 
surgical impressions by mathematical means, 
seems a waste of expensive space and suggests 
a lack of objectivity. Finally, there are also 
short chapters on degenerative disc disease, 
and a comparison of myelography and disco­
graphy.
Despite its size, quality, price and unneces­
sary length, the reader cannot help but con­
clude that the author has made his point and 
that discography is the radiological diagnostic 
procedure of choice for the examination of the 
intervertebral disc. In those cases of sus­
pected disc disease, where history, physical ex­
amination and the usual radiographic studies 
are not sufficient for diagnosis, and where all 
other lesions of the soine and paraspinal tissues 
have been excluded (tumours, infections, me­
chanical lesions, psychogenic syndromes), disc­
ography may provide a definite diagnosis. No­
where is it suggested that an abnormal disco- 
gram alone indicates a clinically significant 
lesion; but a normal discogram may definitely 
exclude disc disease —  in that particular disc! 
The author also very correqtly states that
myelography cannot prove that a disc hernia­
tion is not present or that the discs are normal.
A good list of references is supplied. There 
is no listing in the index under “tumour”, and 
no definite discussion appears although tu­
mours are listed in some of the tables. It is 
assumed that most of the intraspinal tumours 
were diagnosed by the routine determination 
of the cerebral spinal fluid protein at the time 
of discography.
BROKEN LONG BONE. Its Bionomics and Man. 
Robert T. McElvenny, with illustrations and 
additions by Ned Murray Grove. 292 pp. Must. 
Charles C Thomas, Springfield, 111.; The Ry­
erson Press, Toronto, 1963. $13.80.
The title “Broken Long Bone” introduces this 
wittily written, easily read and practical book. 
Every thought it contains has been tested and 
put to use by the author. The reader has the 
sensation of following the chief’s ward rounds, 
assisting him in the operating-room and learn­
ing many small but important points so neces­
sary for success. It is not surprising, therefore, 
to find also the shortcomings of such circum­
stances — the statements are often dogmatic, 
the problems have one solution only and some 
of the author’s strong affirmations rest on con­
troversial grounds.
In keeping with the casualness Of this text 
the illustrations are sketchy and abundant, but 
in some instances this desire for simplicity is 
at the expense of clarity.
The book is written in three parts. The first 
concerns the handling of the injured extrem­
ities, plaster of Paris, tractions and tourni­
quets. The second part is an excellent dis­
cussion of practical wound management. In 
the last section, attention is centred on the 
actual management of the fractured bone.
This book is not intended for those who 
seek information on the treatment of a par­
ticular fracture. It is far more searching and 
interesting and is really directed to those who 
have the responsibility of fracture care. Resi­
dents in training and practising surgeons will 
benefit from this book.
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S U R G I C A L  T E C H N I Q U E
UNE TECHNIQUE DE LYMPHOGRAPHIE4
BERNARD M. LEFEBVRE, M.D., F.R.C.S.[C],f ROBERT FORTIN M D et 
MAURICE THIBAULT, M.D., F.R.C.P.[C], Q uebec, Que.
Depuis quelque temps deja les travaux de 
Kinmonth,1 Hresbchyshyn,2 Wallace3 et 
Fisher,4 et leurs collegues, ont largement 
repandu la technique de la lymphographie 
lipiodolee. Cependant, les difficultes de 
cette technique demeurent un obstacle con­
siderable a son adoption comme examen de 
routine. Nous avons cru bon de decrire une 
methode de lymphographie simple, qui 
pourrait encourager nos collegues a utiliser 
couramment en clinique cette interessante 
methode d’exploration.
Nous nous excusons d avance d’insister 
sur certains details qui peuvent sembler 
inutilement minutieux. Dans un travail qui 
releve presque de la micro-manipulation, 
le soin scrupuleux des details devient une 
condition essentielle de succes.
T ech n iq u e
Notre methode comporte six temps dif- 
ferents: (1) la preparation du malade; (2) 
la coloration des vaisseaux lymphatiques; 
(3) la dissection dun de ces vaisseaux; (4) 
la canulation du vaisseau; (5) l’injection de 
substance opaque, et (6) la prise des 
cliches radiographiques.
Nous avons habituellement pratique les 
six temps de l’examen dans une salle du 
departement de radiographie. On pourra 
toutefois, si necessaire, effectuer les cinq 
premiers temps a la salle d’operation ou 
meme au lit du malade.
1. Preparation du malade
Si l’examen doit porter sur un membre 
cedematie, il importera de reduire cet 
oedeme au prealable par les moyens habi-
a Des services de Chirurgie et de Radiologie, 
Hotel-Dieu de Quebec.
Les travaux du Dr Lefebvre sur la lymphographie 
se poursuivent a la faculte de medecine de l’Uni- 
versite d’Ottawa grace a un octroi de l’Ontario 
Cancer Treatment and Research Foundation. 
tAdresse actuelle: Departement de Chirurgie,
Faculte de Medecine, Universite d’Ottawa, Ot­
tawa 2, Ont.
tuels (elevation, bandage elastique, appa- 
reil pneumatique ou hydraulique). Dans 
tous les cas on aseptisera chirurgicalement 
le champ operatoire par rasage et brossage. 
II ne sera pas necessaire de garder le ma­
lade a jeun, sauf si I on doit utiliser l’anes- 
thesie generale, obligatoire seulement chez 
l’enfant tres jeune.
On expliquera soigneusement au malade 
les details de Texamen, son utilite et les 
malaises qui peuvent en decouler. La pre­
medication sera minime mais on emploiera 
sans hesitation l’analgesie pre-operatoire 
habituelle chez les malades souffrants ou 
anxieux. On prendra soin de coucher le 
malade dans une position confortable vu 
qu’il doit demeurer immobile pendant les 
deux ou trois heures de la duree de l’exa- 
men.
2. Coloration des vaisseaux lymphatiques
Sous couvert d’asepsie, on injecte sous 
la peau un colorant qui permet l’identifica- 
tion des lymphatiques. Nous utilisons a 
cette fin TAlphazurine 2G“ en solution 
aqueuse a 25%. Nous ramenons cette solu­
tion a 5%  en diluant dans une seringue 1 
ml. de la solution concentree avec 4 ml. 
de procaine a 2% . Nous injectons par voie 
intradermique 0.5 ml. du colorant dilue a 
la face dorsale de chacune des commis­
sures interdigitales du pied ou de la main, 
au moyen d’une aiguille courte et fine de 
calibre 25 ou 26.
Apres 10 a 30 minutes, on voit se des- 
siner sous la peau, sous forme de trainees 
bleutees, le trajet ascendant des vaisseaux 
lymphatiques. On peut faciliter la progres­
sion du colorant en mobilisant les orteils, 
en elevant la jambe, ou en pressant de 
faQon rythmique avec le doigt sur les points 
d’injection.
O Fisher Scientific Co., Montreal.
April 1964 TECHNIQUE DE LYMPHOGRAPHIE 191
P/SS£C77QA/
LYMPH A T !  QUE.
ligatu re
( g )  A IG U IL L E  E H  P L A C E
LYMPHATIQUE
• f a s c ia
* FEUILLET HETALlQUE 
( ] )  IMSERjiOM DE U A IG U IL L E
Fig. 1.—Representation schematique de la canulation 
lymphatique.
3. Dissection d’un vaisseau lymphatique
En se guidant sur les trainees de color­
ant, on pratique une anesthesie locale a la 
lidocaine 2% sans adrenaline. On peut 
aussi choisir l’emplacement de la dissec­
tion a 1’aveugle, sans tenir compte des 
trainees, aux endroits ou Ton a la certitude 
de trouver des canaux lymphatiques (par 
exemple en avant de la malleole interne).
Avec un bistouri a lame courte (Bard- 
Parker no. 10 ou no. 15), on incise la peau 
dans le sens longitudinal ou transversal ou 
encore exactement sur les trainees colorees. 
Cette incision, longue de 3 a 4 cm., ne doit 
pas depasser le derme, de peur de section- 
ner les vaisseaux qui sont tres superficiels. 
L ’hemostase doit etre parfaite mais ne pre­
sente liabituellement pas de difficulty spe- 
ciale. On repere facilement les lympha- 
tiques grace a leur coloration bleue et a 
leur aspect plus fragile que celui des vei- 
nules. On choisit alors un vaisseau de cali­
bre suffisant, que Ton degage delicatement 
et completement de sa gaine fibro-adipeuse 
sur toute sa circonference et sur une lon­
gueur de 2 a 3 cm.
4. Catheterisation du lymphatique isole
On charge le vaisseau ainsi isole sur 
deux fils de soie noire 5-0 et on installe 
le tout sur un plan resistant, lamelle de 
plomb sterile ou enveloppe metallique a 
suture prealablement decoupee selon une 
forme convenable.
On stabilise le lymphatique a 1’aide des 
fils de soie et on introduit dans sa lumiere
APPAREILLASE
Fig. 2.—Appareil d’injection a pression et a 
debit constants.
Fig. 3.—Appareil a injection pendant usage.
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par ponction directe, une aiguille de calibre 
27 ou 30 montee sur tube de polythene 
(Lymphography set)*. On maintient 
l’aiguille en place en nouant le fil de 
soie proximal autour du vaisseau et sur 
l’aiguille (Fig. 1). On ligature aussi le lym- 
phatique dans sa portion distale afin 
d’eviter une fistule lymphatique post-ope- 
ratoire. On fixe la tubulure de polythene 
a la peau en dehors de fincision avec du 
diachylon sterile.
On referme l’incision immediatement, 
par des points separes a la soie noire 5-0, 
en prenant soin de ne pas deplacer l’aiguille 
ni de traumatiser le vaisseau lymphatique.
5. Injection de substance opaque
Pour l’injection on relie la tubulure de 
plastique a une seringue de 10 ml., apres 
avoir rempli tout ce systeme d’huile de 
pavot iodee a 37% et a faible viscosite 
(Lipiodol Ultra-Fluid).f 11 est necessaire de 
lubrifier au prealable le piston de la se­
ringue avec quelques gouttes de Lipiodol 
pour en assurer le bon fonctionnement. On 
fixe la seringue en position verticale au 
moyen dune pince de laboratoire et l’on 
suspend au piston un poids variant de deux 
a huit livres. La substance de contraste 
s’injecte lentement sous une pression con- 
stante que Ton peut faire varier a volonte 
pour ne pas depasser une vitesse d’injec- 
tion de 10 ml. par heure (Figs. 2 et 3).
Aux membres inferieurs, on injecte de 
10 a 12 ml. de Lipiodol de chaque cote, 
tandis qu’aux membres superieurs, on se 
contentera de 7 a 10 ml. Par mesure de 
prudence, il convient de ne pas utiliser 
plus de 25 ml. a la fois chez un meme 
patient.
A la fin de l’injection, il suffit de retirer 
l’aiguille et d’appliquer un pansement sec 
sur la plaie deja suturee.
6. Prise de cliches radiographiques
Si l’on suit en fluoroscopie la progres­
sion intralymphatique du produit de con­
traste, on constate qu’elle s’effeetue de 
fa§on intermittente mais sans interruption 
de bas en haut. Au premier relai, les
“ Bccton Dickinson & Co. Canada Ltd., Toronto. 
tBell-Craig Ltd., Toronto.
ganglions se remplissent de la peripherie 
vers le hile. Les vaisseaux efferents devien- 
nent ensuite visibles et l’on peut suivre la 
substance opaque jusqu’a la jonction des 
collecteurs lymphatiques avec le systeme 
veineux (Fig. 4).
Tres tot apres la fin de l’injection, les 
vaisseaux lymphatiques se vident dans les 
ganglions et deviennent invisibles. Apres 
24 heures, seuls les ganglions demeurent 
impregnes de Lipiodol. Cette opacification 
ganglionnaire se maintient pour une pe- 
riode variant de deux a six mois (Fig. 5).
Pour la lymphographie des membres in­
ferieurs, on obtient les cliches suivants dits 
precoces a la fin de l’injection: jambes et 
cuisses en antero-posterieure; bassin en 
antero-posterieure et en obliques gauche 
et droite posterieures a 30°; abdomen en 
antero-posterieure et en laterale; thorax en 
antero-posterieure et en oblique selon la 
position anatomique du canal thoracique 
telle que determinee par la fluoroscopie.
Apres 24 heures on obtient des cliches 
tardifs pris comme ceux du bassin et de 
l’abdomen. A ce moment, le Lipiodol a 
completement disparu des canaux lympha­
tiques des membres inferieurs et du thorax.
Pour les membres superieurs, on prend 
des cliches precoces de 1’avant-bras, du 
bras, de l'aisselle et de la region sous- 
claviculaire correspondante. Le cliche tar- 
dif couvre seulement le coude, l’aisselle et 
11 region sous-claviculaire.
D iscussion de la technique
Notre technique differe sous plusieurs 
rapports des methodes deja decrites dans 
la litterature.
Bien que l’immobilite du membre exa­
mine soit essentielle a la reussite de l’exa- 
men, nous n’avons pas juge necessaire 
d’utiliser des attelles de Thomas.5 Il est 
generalement possible d’obtenir une ex- 
cellente collaboration de la part des ma- 
lades et 1’emploi judicieux d’injections se­
datives facilite l’examen a la fois pour le 
malade et pour le chirurgien.
Les colorants lymphatiques generale­
ment utilises sont le bleu d’Evans, le “Di­
rect Sky Blue”, et le “Patent Blue V”. 
L ’Alphazurine 2G, que nous preferons, est 
lequivalent, biologiquement standardise, 
du “Patent Blue”. Cette substance n’est
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Fig. 4
pas toxique a la concentration utilisee. La 
coloration lymphatique obtenue est intense 
et permet 1’apparition rapide sous la peau 
des trainees bleutees qui permettent de 
visualiser les vaisseaux lymphatiques. Au 
point d’injection les tissus perdent rapide- 
ment leur teinte bleue qui disparait com- 
pletement en huit ou 10 jours. Les inconve- 
nients de l’Alphazurine sont de deux or- 
dres: (a) son absorption rapide qui donne 
une coloration bleutee aux teguments, sur- 
tout au visage, ce qui peut faire croire a 
tort a la presence de cyanose; (b) si l’on 
tente d’effectuer la dissection pres du point 
d’injection, tous les tissus sont intensement 
colores en bleu et il est impossible de dis- 
tinguer avec certitude les vaisseaux lym­
phatiques. Nous diluons la solution con- 
centree d’Alphazurine avec de la procaine 
a 2 % pour supprimer la douleur causee 
par Finjection intradermique du colorant. 
A ce point de vue, la procaine est supe- 
rieure a la lidocai'ne qui entraine une dif­
fusion rapide et etendue du colorant dans 
les espaces sous-cutanes.
Certains auteurs ont pratique l’injection 
intra-ganglionnaire de substance opaque.6 
Cette methode semble moins desirable que 
Finjection intravasculaire pour trois raisons: 
(a) elle exige une dissection chirurgicale du 
ganglion recherche, qui peut, elle aussi etre 
difficile; (b) elle neglige la phase vascu- 
laire afferente de la circulation lympha­
tique; (c) elle soustrait a Finvestigation ra- 
diologique le ganglion qui sert a Finjec­
tion.
La lymphographie indirecte par injec­
tion sous-cutanee de substance opaque, 
utilisable chez l’animal de laboratoire, 
semble contre-indiquee en clinique a cause 
de la lenteur de Fabsorption, de la dou­
leur consecutive a Finjection d’une grande 
quantite de substance opaque et a Femploi 
d’une pression considerable au point d’in­
jection.
Certains auteurs recommandent d’eviter 
l’isolation complete avec dissection circon- 
ferentielle du vaisseau lymphatique a ca- 
theteriser.6 Nous prenons une attitude op- 
posee parce que sans cette dissection, nous 
avons constate que la canulation du lym­
phatique est beaucoup plus difficile, 
l’aiguille demeurant a l’interieur de la 
game fibro-adipeuse au lieu de penetrer 
dans la lumiere meme du lymphatique. Ce- 
pendant lorsqu’on a completement degage 
le vaisseau, il devient necessaire d’utiliser 
un plan resistant (lamelle metallique telle 
que decrite dans la technique).
De meme Femploi de substances de con- 
traste hydrosoluble est a deconseiller. Leur 
injection intravasculaire determine des dou- 
leurs le long du lymphatique. L ’opacifica- 
tion obtenue est fugace, necessitant la 
prise rapide de cliches successifs. Les gan­
glions ne demeurent visibles que pendant 
quelques minutes et ne sont pas toujours 
completement opacifies. Enfin, les sub­
stances hydrosolubles diffusent rapidement
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a travers la paroi meme des vaisseaux lym­
phatiques, ce qui donne des images plutot 
floues.
Parmi les substances iodees liposolu- 
bles, le Lipiodol ordinaire est beau coup 
trop visqueux pour s’utiliser dans des tubu- 
lures d’aussi faible calibre. Le Lipiodol 
ultrafluide que nous employons est prefe­
rable au Lipiodol F. ou Ethiodol, toujours 
a cause de sa plus grande fluidite qui s’ac- 
compagne dune densite radiologique fort 
suffisante.
Les techniques d’injection continue sous 
pression constante sont egalement tres va- 
riees. Les injecteurs automa'tiques ou me- 
caniques, mus par un moteur, ont l’incon- 
venient de couter tres cher, d’etre suscep­
tible de bris, et d’exiger un entretien con­
stant. Si on se sert d’une vis pour deplacer 
le piston,3 il est impossible de mesurer la 
pression appliquee et l’injection se fait 
inevitablement de fagon discontinue. Les 
systemes de gravite ont l’avantage de la 
simplicity et d’un cout negligeable. Parmi 
ces systemes, le notre qui place le centre 
de gravite de l’appareil au-dessous de son 
point d’appui nous semble preferable aux 
autres.7
In co n v en ien ts e t  co m plica tio n s
Notre technique de lymphographie n’est 
pas sans inconvenients, les uns en rapport 
avec la nature meme de l’examen, les 
autres en rapport avec les methodes em­
ployees. L ’examen est long et ennuyeux. 
La preparation du malade et la dissection 
du lymphatique prennent environ 30 a 45 
minutes et l’injection elle-meme dure au 
moins une heure. II est toujours difficile 
d’immobiliser une salle d’operation ou de 
rayons X pour une periode aussi longue. 
Certains malades eprouvent de la difficulty 
a demeurer immobiles pendant tout l’exa- 
men.
Cinq a 10% des tentatives de lympho­
graphie sont infractueuses. II s’agit parfois 
d’une absence congenitale de canaux lym- 
phatiques. D’autre fois, dans les cas de 
stase lymphatique absolue, il est impos­
sible de colorer les lymphatiques et de les 
identifier au moment de la dissection. Dans 
d’autres cas encore, les vaisseaux sont d’un 
calibre tellement reduit qu’on ne pent pas
y faire penetrer les aiguilles de calibre 
courant. Enfin on peut parfois, au cours 
d’une dissection peu minutieuse, section- 
ner assez de canaux lymphatiques pour 
empecher temporairement la poursuite de 
l’examen.
Il est peu pratique d’opacifier les gan­
glions visceraux intra-thoraciques ou intra- 
abdominaux, etant donne qu’il faudrait re- 
courir a la laparotomie ou a la thoraco- 
tomie pour avoir acces aux lymphatiques 
peripheriques. Aussi, nous avons jusqu’ici 
limite notre investigation lymphographique 
aux membres inferieurs et superieurs. Il 
serait probablement possible de mettre en 
evidence les lymphatiques de la tete et du 
cou en partant du cuir chevelu,8 mais 
jusqu’a present, la region cervicale echappe 
a l’examen de meme que le territoire gan- 
glionnaire iliaque interne.
D’ailleurs, meme dans les groupes gan- 
glionnaires susceptibles d’exploration, on 
ne peut pas avoir la certitude d’opacifier 
tous les ganglions sans exception.
Les complications de la lymphographie 
sont rares et habituellement negligeables.
L ’extravasation de substance opaque en 
dehors des canaux lymphatiques afferents 
n’a aucune signification clinique et rend 
parfois difficile l’interpretation des radio- 
graphies. Les causes en sont obscures. Dans 
certains cas, il s’agit d’un defaut constitu- 
tionnel de la paroi lymphatique. Parfois il 
semble que la pression d’injection utilisee 
soit superieure a la resistance de l’endo- 
thelium. Les mouvements du malade en 
cours d’injection, les quintes de toux, la 
position demi-assise ou des compressions 
pathologiques de la voie lymphatique 
peuvent egalement contribuer au meca- 
nisme de l’extravasation.
On a rapporte des cas de fistule lympha­
tique au niveau de la plaie operatoire.9 
Nous croyons que la ligature proximale du 
vaisseau au moment de sa canulation per- 
met d’eviter completement cette complica­
tion dans les cas normaux. On a aussi 
rapporte de fagon assez reguliere, quoique 
nous n’ayons pas pu le verifier, la presence 
d’un piquete d’aspect granulique a la 
radiographie pulmonaire apres lympho­
graphie.5 On a interprete ces images comme 
des embolies graisseuses multiples secon- 
daires au passage dans le systeme circula-
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toire sanguin du Lipiodol injecte dans les 
voies lymphatiques. Ici encore ces mani­
festations n’ont aucune traduction clinique. 
Par contre il existe certainement un danger 
d’embolie graisseuse, qu’on previendra en 
limitant la quantite de Lipiodol injecte.
La necrose cutanee a l’endroit de l’in- 
jection ne se rencontre pratiquement ja­
mais, le Lipiodol etant remarquablement 
bien tolere par les tissus. Les reactions 
anaphylactiques a l’iode sont sans doute 
possibles mais semblent moins frequentes 
avec le Lipiodol qu’avec les substances 
hydrosolubles. Les acces de fievre, les 
poussees de lymphangite sont probable- 
ment relies a des fautes d’asepsie dont on 
doit toujours se mefier.
La retention prolongee du Lipiodol dans 
les ganglions a fait redouter a certains 
auteurs3’ 9 Fapparition d’une reaction in- 
flammatoire granulomateuse qui pourrait 
entrainer une obstruction de la circulation 
lymphatique. Personne n’a toutefois fait 
mention de cette complication mais revo­
lution des cas examines seule pourra con­
firmer ou infirmer ces craintes.
C onclusion
La lympbographie pratiquee selon la 
technique que nous venons de decrire, ap- 
parait comme un examen relativement fa­
cile, a la portee de tous, et denuee de 
risque serieux. Un chirurgien minutieux et 
patient neprouvera aucune difficulty tech­
nique insurmontable. II n’a pas a utiliser 
d’equipement couteux et complique. Les 
malades se soumettent a cette procedure 
avec bonne voloiite et sans regret.
Pour le radiologiste, l’interpretation des 
cliches obtenus reste difficile. Des etudes 
plus poussees dans ce domaine permettront 
sans doute detablir une correlation plus 
etroite entre les constatations histologiques 
et leur manifestation radiologique. De 
toute facon, a mesure que l’experience 
clinique de la lymphographie s’accroitra
par les contributions d’un nombre toujours 
plus grands d’observateurs, la lympho­
graphie assumera la place qui doit lui 
revenir parmi les methodes d’exploration 
clinique.
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Su m m a r y
A technique of radiological lymphography is 
described, which does not require special equip­
ment and is relatively easy to perform with care 
and patience. Lymph channels are visualized ac­
cording to the method of Kinmonth10 by the in­
jection of a vital dye. A lymphatic vessel is then 
dissected and cannulated, and continuous slow in­
jection of Lipiodol ultra-fluid is effected by a 
gravity apparatus. Early and late radiographic ex­
posures are then made to demonstrate the vascu­
lar and nodal portions of the lymphatic system.
Disadvantages and complications of the pro­
cedure are discussed. It is hoped that a larger 
number of investigators will use this technique to 
improve diagnostic accuracy in the interpretation 
of lymphograms.
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E X P E R I M E N T A L  S U R G E R Y
VESICOURETERAL REFLUX, URETHRAL RESISTANCE AND AGE0
P. E. LEVERS, M.B., B.S.(LoncL), F.R.C.S.[C], H. C. RAMAGE, B.Sc., M.D. and 
J. O. METCALFE, M.D., F.R.C.S.[C], F.A.C.S., Edmonton, Alta.
Vesicoureteral reflux connotes reflux of 
the urine from the bladder into the ureters. 
That this is an abnormal phenomenon in 
the human is generally accepted, although 
evidence for this is mainly of a negative 
nature. The number of normal persons who 
have been examined for the presence of 
vesicoureteral reflux is of necessity limited.
TABLE I.— I ncidence of Spontaneous R eflux  
in the  P resent Series
~~No7of %~~ 
dogs reflux
All dogs............................................  60 10.5
Age:
Over 8 weeks o ld .....................  22 0
With left nephrectomy...........  10 20
2- to 7-week-old pups............. 28 25
A total of 243 volunteers examined and 
described in four recorded series has been 
found to be without reflux.1"4 To establish 
the frequency of such reflux in other ani­
mals one must refer back to the classical 
papers of Gruber,5 who at postmortem was 
able to fill the bladders of dogs with a 
normal volume of urine without the pro­
duction of reflux. However, Gruber noted 
that Courtart and Guyon reported a 13% 
incidence of reflux in dogs, possibly due 
to over-distension of the bladder. The 
incidence of reflux in dogs in our series 
is presented in Table I. Six of the pups 
that refluxed were in related litters of 
Labradors and this frequency may repre­
sent a species variation. The adult dogs 
that refluxed after left nephrectomy re­
fluxed only into the ureteral stump. The 
in vivo experiments of Scott and deLuca6 
led them to conclude that some abnor­
mality of the ureterovesical valve or its 
seating was a prerequisite for reflux.
In human subjects, reflux is found in 
children with recurrent urinary tract in­
fections; with neurogenic bladder; with
“ From the Surgical-Medical Research Institute, 
University of Alberta, Edmonton, Alta.
infravesical obstruction; with ureteral 
lateral ectopia,7 and with silent renal 
failure.
During adult life reflux is looked for 
less frequently, but is known to occur in 
some patients with neurogenic bladder 
after prolonged urinary tract obstruction, 
and recently it has been reported to occur 
in some patients with chronic pyelone­
phritis.8 W e are of the opinion that 
vesicoureteral reflux is a pathological 
entity of growing importance. The effects 
of reflux are:
1. By preventing the emptying of the 
urinary tract, it contributes to a continua­
tion of urinary infection.
2. The reflux of urine adds to the 
volume of urine coming down the ureter. 
This increased load leads to relative ob­
struction at the ureteropelvic and uretero­
vesical junctions.
3. The increased load and transmission 
of vesical pressure into the ureter leads 
to fatigue; the ureter is unable to close 
after the passage of the peristaltic wave. 
The whistle-valve effect9 of the ureter is 
lost and vesical pressure is transmitted to 
the renal pelvis. The increased pressure 
on the renal pelvis in turn leads to de­
creased glomerular filtration rate and renal 
failure.
4. As has been pointed out by Hutch, 
Hinman and Miller,8 the washing of the 
kidney by infected urine cannot help but 
induce pyelonephritis.
Vesicoureteral reflux results from several 
anatomical changes that occur in the 
ureterovesical valve:
1. Weakness of the bladder muscle be­
hind the intramural portion of the ureter 
allows the rising intravesical pressure to 
displace the ureter backwards, thereby 
straightening it and reducing the obliquity 
of its course through the bladder wall.
2. Rigidity of the intramural ureter 
renders it incompressible. Auer and 
Seager11 produced reflux in dogs by in-
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Fig. 1.-Distribution of average R values. Each black square represents one individual 
value. Each white square below the line represents the mean of average values obtained in 
one dog at one test.
filtrating the bladder wall around the 
ureteral orifices with saline. Edema in this 
area is probably a factor in the production 
of the reflux associated with chronic cystitis 
in dogs.
3. Shortening the intramural ureter, 
either by resection of a ureterocele or by 
the migration of the ureterovesical orifice 
along the course of the intramural ureter, 
ably demonstrated by Johnston,12 renders 
the vesicoureteral valve incompetent.
4. It has been shown in childhood that 
the intramural ureter is shorter than in the 
adult.13 In our opinion this last factor is 
one of the reasons for the increased in­
cidence of reflux in childhood.
The experiment herein reported was 
designed to find out whether it is possible
to produce reflux in dogs by inducing 
long-term urethral obstruction alone; 
whether removal of the obstruction would 
cure the reflux, and, as a byproduct, to 
determine whether the age of the dog had 
any bearing on the ease with which reflux 
could be produced. W e experimented with 
various methods of producing obstruction 
but were unable to produce reflux. At the 
time we did not know if this represented 
failure to produce obstruction or failure 
of the obstruction to produce reflux. We 
now know that at least 25 weeks’ ob­
struction is required to produce reflux in 
the adult dog. It was obvious that we 
required a method of measuring the degree 
of obstruction.
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Fig. 2. The technique of attaching the flow-probe to the dog’s penis by means of a finger-cot.
T he M easurem ent of U rethral
R esistance
In our experience neither the maximum voiding pressure nor the flow rate is a 
satisfactory indication of urethral resist­
ance. The problem of measuring urethral 
resistance in man has not been completely 
solved,1418 and problems are still asso­ciated with the measurement of urinary 
flow. Pierce19 has partially overcome some 
of the difficulties by having his patients void at a constant pressure over a fixed period of time and measuring the amount 
voided. From a calculation of pressure/ flow the resistance can be determined. However, dogs are not as co-operative as this and we were unable to train them to void at a constant pressure. It occurred to us that if the resistance were kept constant, pressure changes would he ac­companied by changes in flow rate. We recorded the pressure in the bladder dur­
ing voiding and measured the volume of 
urine voided. The record of the intra­
vesical pressure during voiding is an ir­regular curve. The area under this curve 
equals the sum of the pressure per second 
over the total time. The total amount 
voided is the product of the flow rate per 
second over the same period. Dividing 
one by the other cancels out the factor of 
time and the result equals the average 
resistance. This value can then be cor­
rected to g-sec.cm.5 and will be referred 
to as R in the remainder of the paper.
In Fig. 1 each white square below the 
line represents the mean resistance during 
voiding obtained from a dog at a single 
test. The individual values are represented 
by the squares above the line. On the top 
line are values obtained from eight normal 
dogs. Altogether 36 estimations were made 
on these eight dogs. If these individual
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Fig. 3.—Tracing showing simultaneous recording of pressure and flow rate, the calculated resistance and the average resistance.
estimations are considered together, an 
average value of R — 12.05 g.-sec.-cm.'5 
±  1.6 is obtained. The mean value of 
R is 11.25 ±  2.1 g.-sec.-cm.'5. The second 
line represents resistance in dogs that 
were operated upon and developed re­
flux. The third line is the values in the 
same dogs after the obstruction had 
been removed. The lower line represents 
dogs that did not develop increased re­
sistance and did not develop reflux. Later, 
an electronic flow meter was employed. 
We used a finger-cot to join the flow meter to the dog’s penis and a second 
finger-cot as a flap-valve to prevent air 
leaking back into the flow-probe. Fig. 2 demonstrates the Medicon flow-probe at­
tached to a dog.Fig. 3 shows that in spite of variations in flow and pressure, the resistance re­mains relatively constant. It should be noted that the electronic flow meter is much more sensitive to changes of flow rate than are other reported methods. We feel that the techniques such as those of Pierce and Braun,20 in which the weight
of urine voided is recorded and the flow rate is calculated by measuring the angle 
of the tangent of a curve of increasing weight, are unnecessarily unwieldy and 
do not lend themselves to continuous 
monitoring of urethral resistance. For this reason, we have developed a direct-writing 
resistance meter which incorporates a 
transducer to measure intravesical pres­
sure, an electronic flow meter to measure flow, and an electronic device which 
divides the pressure signal by the flow 
signal and then records directly on paper 
the resistance to flow. This direct-writing 
meter will be the subject of a later report.
Voiding cystograms were performed by 
instilling 20% sodium diatrizoate (Hy- 
paque) or a thin barium suspension into the bladder of dogs, lightly anesthetized with thiopental sodium (Pentothal) or pentobarbital sodium (Nembutal). The 
dogs then void in response to local stimu­lation or as they regained consciousness. Figs. 4, 5 and 6 show the reflux that occurs during voiding cystourethrograms in 
adult dogs and also in a pup. In the puppy
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Fig' 4.—Reflux in an adult dog. In Dog H 226, reflux occurred seven months 
after operation (mean R values 26.4, 28.16 and 25.42).
Fig. 5.—Reflux in an adult dog. In Dog 227, reflux occurred 10 months after 
operation (mean R values 123.7, 41.41 and 27.5). (
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the changes are much more severe and are 
associated with tortuosity of the ureter. 
By this time we were in a position to de­
termine the effects of various operations 
to increase urethra] resistance. We found 
that cellophane placed around the bladder 
neck10 would produce a constant increase 
in urethral resistance—whereas operations 
upon the urethra, plication, cautery or 
cellophane-wrapping usually produced 
varying degrees of obstruction owing to 
fistula formation. Attempts to vary the 
voiding resistance directly by ligating the 
urethra and inserting variable suprapubic 
valves were abandoned because, although 
the valves were finally perfected, the dogs 
persistently pulled them out.
Technique of M easuring Urethral
Resistance in D ogs
A Sanborn or Gilson recorder was used 
with a Statham transducer. The recorder 
was adjusted so that a pressure of 100 
cm. of water (74 mm. Hg) gave a de­
flection of 5 cm. This arrangement simpli­
fied the calculations.
The dog which had been starved over­
night was anesthetized with thiopental 
sodium or pentobarbital sodium intra­
venously. The anesthetic was given slowly 
and the dose individualized. If the dog 
is not lightly anesthetized, he will not void. 
If the dog is given too much anesthetic, 
it is preferable to leave him until he par­
tially regains consciousness. Alternatively, 
2 c.c. of methyl glutarimide ( Megamide) 
may be given intravenously.
The dog was examined. Usually the 
bladder was easily palpated. If the bladder 
was empty, a small catheter was passed 
and the bladder filled. A No. 19 IVz" 
needle was then passed into the bladder 
through the abdominal wall. This was at­
tached through a two-way tap to a bottle 
of sterile saline and also to the pressure 
transducer.
Saline was infused intermittently; it was 
discontinued while the intravesical pressure 
was measured. With experience, it is pos­
sible to recognize the beginning of an 
upswing in the intravesical pressure. At 
this point the two-way tap was set to 
record pressure and the recorder set in 
motion at a speed of 2.5 mm./sec. The
moment the dog started to void the “event 
marker” was depressed and was not re­
leased until the dog stopped voiding.
The urine was collected and measured 
in a 100 c.c. cylinder. Readings were re­
peated until at least three were obtained 
in which more than 10 c.c. were voided.
Occasionally the needle was inserted 
outside the bladder and saline was in­
stilled extravesically. When this occurred, 
satisfactory readings were not obtained 
even after the needle was reinserted. In 
this event, the dog was returned to its 
cage.
The area under the pressure curve be­
tween the event markers was obtained 
using a planimeter. Resistance valve was 
calculated using the formula:
_  area x 2
volume x paper speed
Satisfactory records were obtained in 
75% of the adult dogs. The percentage of 
successful measurements obtained increas­
ed with experience. No satisfactory records 
were obtained on small puppies.
TABLE II.— P e r c e n t a g e  o f  D ogs t h a t  
D e v e l o p e d  R e f l u x  a f t e r  O p e r a t io n  on  B la d d e r  
N ecks o r  U r e t h r a
No. of %  
dogs reflux
All dogs............................................  49 55
Resistance:
Normal................................   6 0
Increased...................................  18 88
Age at operation:
Over 1 year...............................  13 54
6 weeks to 1 year.....................  9 55
4 weeks....................................... 2 100
2 weeks......................................  11 63
1 week........................................  13 15
(71% of one-week-old pups had hydronephrosis 
at postmortem)
All of the experiments on the pups were 
performed using cellophane wrapped 
around the bladder neck to induce ob­
struction. Table II shows the percentage of 
dogs that developed reflux. The high 
mortality of the one-week-old pups may 
be related to the fact that only the stronger 
pups survived to be operated upon at two 
weeks, or that one-week-old pups void 
only because o f maternal licking, and the
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Fig. 7.—Age of the dog at operation plotted 
against the time required for the dog to develop 
reflux postoperatively.
pain of the incision would cause them to 
move away from the mother and deprive 
themselves of this stimulation.
Fig. 7 shows the ages of the dogs at 
operation plotted against the time required 
for them to develop reflux. One of the 
one-week-old pups developed reflux. The 
two-week-old animals started to show re­
flux at two weeks, the weaned animals in 
two months and the adult animals not 
until more than six months postoperatively.
D iscu ssio n
We feel that the major etiological factor 
in most children who develop vesicoure­
teral reflux is lower urinary tract obstruc­
tion. Very severe cases and those who pres­
ent with ureteral lateral ectopia may well 
represent children who have developed 
lower urinary tract obstruction during in­
trauterine life. In the past this possibility 
has been strongly disputed, perhaps be­
cause until now accurate measurement of 
urethral resistance has not been possible, 
and it is impossible accurately to deter­
mine resistance by observation with a 
panendoscope or cystoscope. The tech­
nique described herein for measuring 
urethral resistance is a useful laboratory 
tool in dogs, and is applicable to human 
subjects. It requires the minimum of equip­
ment, a one-channel recorder with a trans­
ducer is usually available in a general 
hospital. We are fully aware that this is 
an empiric method of measuring urethral 
resistance and hope to supplant it with a 
more sophisticated direct-writing instru­
ment. Further thought has led us to con­
clude that the average R value represents 
not only urethral resistance but also the 
average energy developed per second by 
the bladder during micturition, and there­
fore proportional to the energy applied to 
the ureterovesical junction.
Su m m a r y
We believe that our results indicate a 
tendency for adult dogs to develop reflux 
only after long-continued urethral obstruc­
tion, whereas young pups will develop 
reflux in response to intravesical obstruc­
tion over a short period of time. Therefore, 
the short intramural ureter in puppies and, 
by analogy, children, reacts in a manner 
similar to that of a short or damaged 
ureterovesical valve in the adult.
We would like to thank the technicians of the 
Surgical Medical Research Laboratory of the 
University of Alberta, Edmonton, and the Medical 
Research Council for making this project possible.
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Resume
L’expression “reflux vesico-ureteral” designe le 
phenomene selon lequel l’lirine contenue dans la
vessie remonte dans les ureteres. On admet 
generalement qu’un tel phenomene ne se produit 
pas chez l’homme normalement, bien que la 
preuve definitive de cette assertion manque. 
Chez le chien, il a pu etre montre que, en cas de 
distension vesicale, un certain degre de reflux se 
fait; pour des raisons evidentes, il n’est pas 
possible d’avoir de donnees experimentales com­
parables chez l’homme. Les auteurs ont precede 
a une serie d’essais chez des chiens en vue 
d’elucider cette question. Il semble qu’il y ait 
lieu de distinguer entre ce qui se passe chez 
1’animal jeune et chez l’adulte. Les causes pouvant 
provoquer le reflux sont: une faiblesse de la 
musculature vesicale au niveau de l’insertion 
ureterale, permettant ainsi a la pression intra- 
vesicale de deplacer les ureteres vers l’arriere, 
ce qui les redresse dans leur parcours intramural, 
ou bien, une rigidite anormale des ureteres dans 
ce meme parcours, ou bien encore, un raccourcis- 
sement du trajet intramural. Les experiences 
conduites ici visent a determiner si le reflux peut 
etre provoque par une obstruction uretrale de 
longue duree, et si la levee de cette obstruction 
est capable de guerir la situation. Diverses tech­
niques en vue de provoquer cette obstruction 
ont ete appliquees, mais sans resultat. Une 
methode permettant de mesurer la resistance 
uretrale a ete mise au point: elle consiste essen- 
tiellement a enregistrer la pression intra-vesicale 
pendant la miction et le volume d’urine expulse; 
le premier de ces facteurs etait, en pratique, 
mesure par ponction vesicale. Il a pu etre trouve 
que les phenomenes de reflux apparaissent, chez 
l’animal adulte, seulement anres une obstruction 
uretrale tres prolongee; alors que les jeunes 
chiots en seront atteints beaucoup plus precoce­
ment. Ceci est a rapprocher de ce qui se passe 
chez 1’enfant, ou Ton sait que le parcours intra­
mural de l’uretere est beaucoup plus court que 
chez l’adulte.
THE BODY CELL MASS AND ITS SUPPORT­
ING ENVIRONMENT. Body Composition in 
Health and Disease. Francis D. Moore, Knud 
H. Olesen, James D. McMurrey, H. Victor 
Parker, Margaret R. Ball and Caryl Magnus 
Boyden. 535 pp. Illust. W. B. Saunders Com­
pany, Philadelphia; McAinsh & Co. Ltd., Tor­
onto and Vancouver, 1963. $24.85.
Francis Moore, the senior author of this mon­
ograph and the Moseley Professor of Surgery 
at Harvard Medical School, is renowned as a 
pioneer in the investigation of metabolic prob­
lems in surgery. The present book is the cul­
mination of many years of industry and inge­
nuity in the study of body composition.
The first third of the book examines the 
dilution techniques used in the measurement 
of plasma and red-cell volume, total body 
water, extracellular fluid volume and total ex­
changeable sodium, chloride and potassium. 
From these measurements the authors are able
to derive estimates of constituents such as 
body fat. T he chapter entitled “Body Com ­
position in Normal Adults” is certain to serve 
as a standard reference source not only of 
data in normals but also of regression equa­
tions for predicting normal values of composi­
tion, given weight and age.
The remainder of the monograph is devoted 
to the application of the above techniques to 
a variety of diseases, surgical and medical, 
presented in the form of case reports.
For the clinician untrained in scientific 
methodology this book will not be easy read­
ing. Nevertheless, the persistent reader will 
be rewarded by an understanding of an excit­
ing new area of applied physiology.
I t  seems safe to predict that this book will 
become a classic in its field. Furtherm ore, it 
should encourage the incorporation of body 
composition studies into the curriculum of 
medical students and surgical trainees.
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STRONTIUM-89-INDUCED BONE TUMOUR IN THE RAT
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K. KOWALEWSKI, Ph.D., M.D. and A. E. RODIN, M.D., M.Sc.(Med.), F.R.C.P.[C],t
Edmonton, Alta.
B one tumours can be induced by single 
or repeated injections of radioactive stron­
tium in mice,16 rats,1’ 710 rabbits1,7 and 
dogs.11, 12 Radioactive strontium has been 
shown to be deposited in the skeleton and 
to be incorporated into the crystalline lat­
tice of the bone. Here it may directly 
damage the bone itself, interfering with 
normal growth and repair and initiating 
malignant processes.
Since previous experiments in this la­
boratory and elsewhere showed that corti­
sone and some anabolic hormones may in­
fluence the growth of bone,13,14 its repair 
after injury1518 and the growth and com­
position of some tumours,19 the effect of 
these hormones on the induction of neo­
plasia by radioactive strontium was ex­
amined. An earlier report on the effect of 
prolonged cortisone administration on bone 
tumour formation in rats treated with 
strontium-89 (Sr89) was limited to histo­
logical methods.10
In the present investigation we have ex­
tended these findings by comparison of the 
histological with the biochemical effects of 
cortisone on the bones of Sr89-treated rats. 
We have also examined the effects of an 
anabolic steroid (U-24813) on these sys­
tems. This tumour has proved to be trans­
plantable in non-inbred rats and also to 
grow readily in tissue culture. These re­
sults will also be briefly described.
M a ter ia ls and  M ethods
Animals.—Three hundred Sprague-Daw- 
ley male rats of average body weight, 142 
g. (135-155 g.), were used for the treat­
ment with Sr89. They received six monthly 
doses of 0.7 /xc./g. body weight intraperi- 
toneally. The average body weights, at six 
consecutive monthly injections, were re­
spectively 142, 152, 157, 184, 212 and 222 g.,
“ Surgical-Medical Research Institute, University of 
Alberta, Edmonton, Alta.
tPresent address: Department of Pathology, Uni­
versity of Texas Medical Branch, Galveston, 
Texas, U.S.A.
and the number of animals surviving the 
treatment was at the time of these injec­
tions, respectively 300, 296, 278, 270, 256 
and 232. Sixty-eight (22%) of the 300 rats 
treated died during the period of six 
months, which may be considered the min­
imal latent period.9 We were, therefore, left 
with 232 rats which successfully survived 
complete Sr89 treatment.
At the beginning of the seventh month 
after the first injection, these rats were 
divided into three groups: (1) no further 
treatment; (2) given androgen and corti- 
coid, and (3) given corticoid. At this time 
152 rats of comparable body weights, but 
having had no isotope treatment previous­
ly, were added to this experiment and 
grouped as follows: (4) treated with an­
drogen and corticoid; (5) treated with cor­
ticoid, and (6) normal untreated controls. 
In these six groups, the treatment was 
conducted simultaneously.
Treatment— Strontium (Sr89), supplied 
by Atomic Energy of Canada, was dis­
solved in hydrochloric acid. This isotope 
has a half-life of 53 days and a maximum 
beta energy of 1463 mev. The acid solu­
tion of Sr89 was neutralized with sodium 
hydroxide when prepared for injection. All 
injections were intraperitoneal.
The corticoid used in this experiment 
was a depo-preparation of methylpredniso- 
lone acetate (Depo-Medrol)* and was given 
in a dose of 1 mg./lO g. body weight, per 
rat, every 10 days, intramuscularly.
The anabolic androgen was an ester with 
“depo” activity, 7a-methyl-19-nortestoster- 
one cyclopentylpropionate (U-24813)0 and 
was given subcutaneously in a dose of 1 
mg./lOO g. of rat’s body weight, every 
three weeks. Rats of Groups 1, 2 and 3 
were treated with Sr89. Rats of Groups 2 
and 4 received both steroid hormones and 
rats of Groups 3 and 5 were treated with 
corticoid.
“The Upjohn Company of Canada, Toronto.
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Sam pling— Beginning at the seventh 
month after the first injection of Sr89, both 
isotope-treated and control rats were ex­
amined radiographically each month until 
death in order to detect bone lesions. In the 
isotope-treated animals, those found dead 
were preserved and autopsied, the remain­
der were sacrificed at the end of the elev­
enth month after the first injection of 
isotope. In other groups, monthly sampling 
of rats was performed for both histological 
and biochemical study and the remaining 
animals were sacrificed together with the 
isotope-treated rats.
Processing of samples.—All dead or sacri­
ficed animals were autopsied and macro- 
scopical findings compared with radio­
grams.
Histological studies were performed on 
tumours, normal bones and organs with 
gross metastatic lesions.
In the histological studies we were par­
ticularly concerned with the effects of Sr89 
on the bones of mature rats, both from the 
point of view of tumour formation and of 
changes in the basic epiphyseal and meta­
physeal structure, including concentration 
and distribution of acid mucopolysacchar­
ide in ground substance. In order to 
achieve these objectives, in addition to the 
tumours, the non-tumorous ends of long 
bones, vertebrae and pelvis in both tu­
mour-bearing and tumour-free rats were 
also sectioned.
After decalcification with nitric acid 
when necessary, sections of tumour and 
bone were made. Hematoxylin and eosin 
(H. & E.) stain was used for appraisal of 
the general morphology and alcian-blue 
stain for the study of distribution and con­
centration of acid mucopolysaccharides.14
Beginning at the tenth month of the 
experiment, some of the tumours from the 
rats of the first group were transplanted 
subcutaneously or intramuscularly into the 
rats of the same strain after the tumour 
was homogenized in normal saline or cut 
into very fine pieces (about 0.5 mm. diam­
eter). Tumour suspension was injected in 
the dose of 0.2 ml. under the back skin 
or into the thigh muscles. If a piece of 
tumour was used, it was introduced with a 
trocar. We used female rats, 130-160 g.
body weight, pretreated for three days 
with cortisone acetate (Cortone)” ; a 5 mg.- 
tablet mixed with food was given daily per 
rat. Groups of four to eight rats were used 
for the transplantation of a tumour. When 
a growing mass was palpated at the site of 
transplantation, the rats were radiographed. 
New growth, proved radiologically and 
macroscopically, was further retransplanted 
to another group of rats, and we now have 
several transplant generations growing in 
this laboratory.
Some of the transplanted tumours were 
used for tissue culture.20
Biochemical study of various bones of 
rats was limited to the determination of 
hexosamine, hydroxyproline and total ni­
trogen. Biochemical methods were de­
scribed previously.13' 21
B esults
Only rats that completed treatment with 
six monthly doses of Sr88 were studied for 
the effects of the isotope on the skeleton. 
Some of these animals were treated with 
steroid hormones and simultaneous study 
was made on control rats that had no iso­
tope treatment.
Tumours once noted usually grew very 
rapidly; rats lost weight and rarely sur­
vived longer than three to four weeks 
after the diagnosis was made.
Generally the mortality was great and 
in all three groups of Sr89-treated rats 
about 60% of the animals died between 
the eighth and tenth month of the experi­
ment. Table I shows the mortality rate in 
these rats. It is apparent that the combined 
treatment with androgen and corticoid de­
layed the death of the animals: in the sec­
ond group no mortality was observed dur­
ing the seventh and eighth month of the 
experiment. No treatment, however, gave 
significant protection for a longer period 
of time.
Table II summarizes the occurrence of 
gross tumours. It is important, however, to 
realize that the incidence of gross tumours 
as determined by radiography or palpa­
tion cannot be considered an exact esti­
mate of tumour frequency.9 In all stron-
° Merck Sharp & Dohme of Canada Limited, Mont­
real.
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'PARLE I .— Rats T reated with Sr 89* and T hen, B eginning at the Seventh Month, Given Steroid 
HoRMONEsf FOR FlVE MONTHS. MORTALITY RATE
No. o f rats
injected Spontaneous death, month after first
with 6 doses injection o f  S r59 ' Total
Group o f S r89 Steroids 7th 8th 9th 10th 11th %
1 99 N one........................................................  30 22 17 5 —  74
2 44 Androgen +  corticoid.....................  —  —  23 4 — 60
3 89 Corticoid................................................  37 I I  12 3 1 72
In this and following tables:
*0.7 /n./g. body weight in 6 monthly doses.
fCorticoid = methvlprednisolone acetate, and androgen =  7a-methyl-19-nortestosterone-cyclopentyl- 
propionate.
T A B L E  I I .— R ats T reated with Sr89* and T hen Given Steroid Hormones for F ive Months. 
Occurrence of T umours Diagnosed R adiologically
Group
No. o f
rats Steroids
Tumours noted, month after first injection o f  S ras 
7 th 8th 9 th 10 th 11th
Total
No. %
1 G9 N one..................................... 5
2 44 Androgen +  corticoid. . —
3 89 Corticoid............................. 4
tium-treated rats, bones were abnormal 
and in the majority of cases tumour foci 
were seen microscopically, even in the ab­
sence of any radiological evidence. Table 
II gives, therefore, only an idea of the
10 18 1 4 38 38
— 12 10 5 27 61
3 8 9 7 31 35
occurrence of advanced malignancy in Sr89- 
treated rats. The fact that in rats treated 
with both steroids, more gross lesions were 
detected than in other groups may be due 
to the absence of spontaneous death in
(a) (b) (c)
Fig. 1.—Radiological pictures of the skeletons of three rats from: (a) Group 1, at the eighth 
month after the first injection of Sr89, (b) Group 2, at the ninth month after the first injection of 
Sr89, (c) Group 3, at the ninth month after the first injection of Sr89.
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TABLE III.—R ats T rea ted  w it h  Sr89* a n d  T h e n  G iv en  Ste r o id  H orm ones f o r  F iv e  M o n t h s . O r ig in a l
Sit e s  o f  B one  T u m o i:r  N oted  on R adiological E x a m in a t io n
Group No. of rats Steroids Limbs Spine Pelvis
Maximum diameter of tumour at autopsy average {cm.)
i 99 None............................... ......................  30 5 6 4.52 44 Androgen +  Corticoid. . . ......................  31 — 5 3.43 89 Corticoid......................... ......................  31 3 — 3.2
this group during the early period of ster­
oid treatment.Radiological and gross examination 
showed a wide anatomical distribution of 
bone lesions. However, most of the tu­
mours developed in the long bones. This 
finding agrees with previous studies.9,22 
Fig. la, b and c shows some typical Sr89- 
induced bone lesions.Table III shows anatomical distribution 
of the tumours detected radiologically.
Histology.—Careful observation failed tc demonstrate any characteristic histological 
effects of hormone treatment either in the 
rats treated with Sr89 or in the non-irradi- ated controls.
Normal bone.— The epiphyseal end of the normal rat long bone contains a large cen­
tre of ossification with formation of bony 
trabeculae. This is associated with a cellu­
lar marrow and is quite similar to the meta­
physeal region of the bone. The epiphyseal 
cartilaginous plate is generally of uniform 
width and contains vertically arranged and 
straight columns of chondrocytes (Fig. 2). 
The junction of the epiphyses with meta- 
physis is a reasonably straight line at which 
point there is incorporation of chondro­
cytes into the branching trabeculae. Al­though osteoid and calcium become a 
predominant part of these trabeculae, 
remnants of cartilage are present for some 
distance into the metaphysis.
Strontium-treated bone.—Sections from 
the long bones of every strontium-treated 
rat revealed definite abnormalities of both the epiphysis and metaphysis. These alter­ations were of varying types and degrees. However, after examination of hundreds 
of sections it became apparent that there
was a definite gradation and increasing in­
tensity of change from mild cartilaginous 
irregularity to grossly overt tumour for­mation.
Fig. 2.—Epiphyseal cartilage of normal adult rat with epiphyseal centre of ossification above and metaphyseal trabeculae below. The columns of chondrocytes are quite regular. (H. & E. x 125.)
The earliest changes seen related to epi­
physeal cartilage thickening (Fig. 3). Al­
though increase in width occurred, this 
was not uniform and produced an irregu­
lar epiphyseal-metaphyseal junction unlike 
that seen in the normal rat. In addition, 
the cartilage components showed addi­
tional changes, including loss of the nor­
mal regular vertical alignment of cartilage cells, producing an apparently disorgan­
ized mass of chondrocytes (Fig. 4). Another striking change was a somewhat patchy in­
crease in basophilia of the cartilaginous ground substance as seen with the routine 
H. & E. stain. Concomitant with the car­tilaginous abnormalities were changes of 
metaphyseal trabeculae. In the primary spongiosa, these trabeculae showed marked 
irregularity with retention of considerable cartilaginous tissue as compared with the 
normal. In addition, instead of the usual
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Fig. 3 Fig. 4
Fig. 3.—Epiphyseal cartilage of strontium-treated rat with epiphyseal centre of ossifica­
tion above and metaphyseal trabeculae below. The cartilaginous plate is thickened and there is a 
patchy increase in basophilia. The chondrocytes are not in regular columns (compare with Fig. 2). 
(H. & E. x 50.) Fig. 4.—Epiphyseal cartilage of strontium-treated rat with epiphyseal centre of 
ossification above and metaphyseal trabeculae below. The chondrocytes are not in regular columns 
(compare with Fig. 2) and the trabeculae are irregular with considerable cartilage. (H. & E. x 
125.)
abundant osteoid applied to these trabe­
culae, there was only a thin outer rim of 
calcified material. Another striking change 
in the strontium-treated rats was patchy 
cellular depletion of the marrow so that 
the fat spaces became quite evident.
Further progression of the lesion resulted 
in dense fibrosis of the marrow spaces so 
that cellular or fatty patterns were no long­
er discernible (Fig. 5). In addition the 
primary trabeculae showed increasing 
amounts of lamellar bone. The next stage 
of abnormality consisted of the appear­
ance of atypical cells, at first few in num­
ber and then quite extensive (Fig. 6). Al­
though the origin of these atypical cells 
may be in some doubt, there appeared to 
be transitions from normal spindle-shaped 
fibroblasts to large cells with irregular and 
markedly hyperchromatic nuclei. With in­
creasing cellular atypicality, the fibrous 
tissue exhibited increasing deposition of 
osteoid material with gradual formation of 
small branching trabeculae to form a very 
closely knit trabecular pattern somewhat 
reminiscent of the osteoid osteoma in the 
human. This trabecular change was by no 
means generalized in the metaphysis of any
Fig. 5 Fig. 6
Fig. 5.—Epiphyseal metaphyseal junction of strontium-treated rat with the epiphyseal carti­
lage above. The trabeculae are quite irregular and there is marked fibrosis of intervening spaces. 
(H. & E. x 125.) Fig. 6.—Metaphysis of strontium-treated rat showing marked cellular atypicality in 
the form of nuclear hyperchromaticity and pleomorphism. Many of the cells still retain a spindle- 
shaped appearance indicative of their fibroblastic origin. (H. & E. x 500.)
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Fig. 7.—Metaphysis of strontium-treated rat showing formation of dense anastomosing tra­
beculae and a markedly cellular microscopic tumour. (H. & E. x 50.) Fig. 8.—Higher power or 
microscopic metaphyseal tumour of strontium-treated rat showing the malignant cellular changes and 
irregular trabeculae. (H. & E. x 500.)
one bone but developed in focal areas of 
either the primary or secondary spongi- 
osa (Fig. 7).
Usually with the formation of the close­
ly knit trabecular pattern there was suffi­
cient cellular atypicality in the intervening 
spaces to warrant the designation of a ma­
lignant tumour (Fig. 8). All stages of gra­
dation from a few atypical nuclei to a 
definite malignancy were seen, so that it 
was not possible to designate any one spe­
cific stage of the process as malignant 
transformation.
These microscopic malignant foci were 
found both in rats with other grossly ob­
vious tumours and in the majority of rats 
without grossly apparent tumour. Further 
progression of the microscopic tumour was
Fig. 9.—A small metaphyseal tumour in the 
strontium-treated rat which has grown through 
the cortex (on the right) and displaced the skele­
tal muscle (on the left). (H. & E. x 50.)
Fig. 10.—Sarcoma in strontium-treated rat with considerable osteoid seen as pale-staining 
material. (H. & E. x 125.) Fig, 11—Sarcoma in strontium-treated rat showing predominance of ma­
lignant cartilaginous tumour with chondrocytes in lacunae. (H. & E. x 125.)
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Fig. 12 Fig. 13
Fig. 12.—Sarcoma in strontium-treated rat showing striking spindle-shaped nature of the ma­
lignant cells quite suggestive of a fibrosarcoma. (H. & E. x 500.) Fig. 13.—Sarcoma in strontium- 
treated rat showing a highly anaplastic picture with malignant cells of all sizes and shapes. (H. & 
E. x 500.)
by way of erosion from the medulla 
through the adjacent cortical bone and 
periosteum into the soft tissue (Fig. 9).
There was considerable variability in the 
histological pattern of the tumour. These 
patterns included:
1. Typical osteogenic sarcoma with vary­
ing amounts of osteoid and bony trabecu­
lae (Fig. 10).
2. Tumours with abundant malignant 
cartilage resembling chondrosarcoma (Fig. 
11).
3. Tumours with little cartilage, osteoid 
or bone but with spindle-shaped cells iden­
tical to those seen in fibrosarcoma (Fig. 12).
A few tumours were highly anaplastic with 
many tumour giant cells (Fig. 13).
These patterns were by no means sharp­
ly delineated, there being considerable 
variation not only within different tumours 
in the same animal but also within the 
same tumour mass. About 90% of the tu­
mours contained either trabeculae or dif­
fusely spread osteoid in at least several 
microscopic fields. These variants in histo­
logical pattern have all been described in 
osteogenic sarcomas occurring in the hu­
man.
The alcian-blue stains for acid muco­
polysaccharides (AMP) revealed patterns in
Fig. 14 Fig. 15
Fig. 14.—Epiphyseal cartilaginous plate of normal adult rat with epiphyseal centre of ossi­
fication above and metaphyseal trabeculae below. The degree of blue staining is proportional to the 
concentration of acid mucopolysaccharides which are most predominant in the cartilaginous plate. 
(Alcian-blue x 50.) Fig. 15.—Epiphysis of strontium-treated rat with epiphyseal centre of ossification 
above and metaphyseal trabeculae below. There is considerable thickening and irregularity of both 
the cartilaginous plate and trabeculae. There is also a marked increase in acid mucopolysaccharides 
as seen by dense bluish staining of both the cartilage and trabeculae. (Alcian-blue x 50.)
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the adult rat bones similar to that de­
scribed in the more immature animal14 
(Fig. 14). The greatest concentration of 
AMP was present within the zone of hy­
pertrophic cartilage of the epiphysis and 
to a lesser degree in the cartilaginous 
remnants within the trabeculae of the pri­
mary spongiosa of the metaphysis. There 
was accentuation of staining about the 
walls of the chondrocytic lacunae. The 
alcian-blue stains of strontium-treated rats 
revealed considerably more AMP within 
the epiphyseal cartilages (Fig. 15). Some 
of the increase was due to increased thick­
ness of the epiphyseal cartilaginous plate. 
However, there was a definite increase in 
intensity of staining of the cartilaginous 
ground substance. This was observed in a 
somewhat patchy fashion, quite similar to 
the patchy increase in basophilia seen with 
the routine H. & E. stains. The trabeculae 
of the primary spongiosa showed a simi­
lar increase in staining intensity concom­
itant with the increased amount of en­
trapped cartilage.
Alcian-blue staining of the tumours was 
restricted to the osteoid, bony and cartila­
ginous components. Thus none was seen 
within the fibrosarcomatous areas and con­
siderable amounts were present in the 
chondrosarcomatous and trabecular vari­
eties.
The majority of rats with grossly obvious 
tumours exhibited numerous metastatic 
nodules in the lungs. The histologic pat­
terns corresponded to the primary sar­
comas. Secondary tumours were not found 
outside the lungs.
Transplantation and tissue culture.— 
Tumours which we attempted to trans­
plant grew very vigorously in the first 
generation in cortisone-treated rats. Fig. 
16 shows a radiological picture of a tumour, 
which developed from a subcutaneous 
transplant of a tumour suspension. In this 
particular case the mother tumour was di­
agnosed radiologically 80 days before the 
transplantation was performed and the 
present radiograph was taken 45 days after 
the transplantation. Histologically the 
transplants grew as osteosarcomas similar 
to the mother tumours.
Fig. 16.—Radiological picture of a transplanted 
bone tumour, 45 days after a subcutaneous injec­
tion of a tumour suspension. Mother tumour was 
diagnosed by radiograph 80 days before the 
transplantation was performed.
Portions of tumour obtained from the 
third, fourth and eighth in vivo transfer 
generations of the initial bone sarcoma 
have grown readily in culture. Tumour ex­
plants were initially placed in Carrel flasks 
containing a fibrin clot formed from a mix­
ture of chicken plasma and bovine embryo 
extract, and covered with Eagle’s medium. 
Migration of cells from the edge of the 
explants was observable within three days 
and thereafter continued until the glass 
bottom of the flask was completely cov­
ered. No digestion of the fibrin clot was 
observed. Subcultures made in two succes­
sive generations grew well in flasks con­
taining fresh fibrin clots, as in the primary 
cultures, with Eagle’s medium. Small por­
tions of tissue from the primary cultures 
were also placed in Carrel flasks contain-
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T A B L E  IV .— H e x o s a m i n e , H y d r o x y p r o l i n e  a n d  T o t a l  
N i t r o g e n  ( m g . p e r  1 0 0  g . o f  D r i e d  T i s s u e ) in  F e m o r a  o f  
R a t s  T r e a t e d  w it h  S r 89. M e a n  V a l u e s
N o. o f  H exo- H ydroxy- Total
Treatment rats sam ine proline nitrogen
Sr89 for 6 m onths. . .  . 15 1 25 .7 *  1078 .0* 1 6 .6 *
Sr89 treated 4-5
months la ter............  7 8 4 .6  730 .3  12 .1
Untreated, normal
con tro ls......................  18 9 5 .1  8 2 1 .0  1 3 .0
* P <  1% , versus other groups.
ing only Eagle’s medium. These became 
adherent to the glass within the next two 
to three days and subsequently grew vig­
orously. In all, three transfer generations 
have been made in this way. Under direct 
microscopy the growing cells strongly re­
sembled fibroblasts; more detailed exam­
ination to determine whether osteoid for­
mation occurs under the conditions of cul­
ture is to be made.
T A B L E  V.— H e x o s a m i n e , H y d r o x y p r o l i n e  a n d  T o t a l  
N i t r o g e n  (m g . p e r  1 0 0  g . o f  D r i e d  T i s s u e ), in  F e m o r a  o f  
R a t s  T r e a t e d  w it h  S r 89 a n d  T h e n  f o r  2  t o  4  M o n t h s  w it h  
S t e r o i d  H o r m o n e s . M e a n  V a l u e s
N o. o f  H exo- H ydroxy- Total
Treatm ent rats sam ine proline nitrogen
S r89...................................  11 8 6 .6  7 7 3 .0  10 .9
S r89, androgen -f-
co rtico id .................... 10 1 0 2 .3 *  7 8 8 .3 f  1 2 .6 f
S r89, corticoid ..............  12 8 9 .3  60 9 .3  9 .8
*P  < 1 % ,  versus other groups. 
fP  < 1 % ,  versus corticoid-treated rats.
Biochem ical determinations. — Ground 
substance and collagen fibres are essential 
elements of the organic part of bone13 and 
were therefore studied in all six groups 
of rats. Hexosamine, hydroxyproline and 
total nitrogen (N) were determined in 
femora of isotope and/or steroid-treated 
animals and the results are summarized in 
Tables IV, V and VI. Only femora, having 
no radiologically detectable lesions, were 
used for biochemical study. It was found 
that immediately after the termination of 
six monthly injections of Sr89, all three 
parameters were significantly increased as 
compared with the bones of untreated con­
trols. Rats which were permitted to develop 
neoplastic bone lesions and were studied 
four to five months later, showed a signifi­
cant decrease of all three components of 
femora studied (Table IV). In Sr89-treated 
rats that received both corticoid and an­
drogen for two to four months, bone hexo­
samine, collagen and total N were higher 
than in the rats treated with corticoid
T A B L E  V I.— H e x o s a m i n e , H y d r o x y p r o l i n e  a n d  T o t a l  
N i t r o g e n  ( m g . p e r  1 0 0  g . o f  D r i e d  T i s s u e ) i n  F e m o r a  o f  
S t e r o i d - T r e a t e d  R a t s . M e a n  V a l u e s
Treatment
N o. o f  
rats
H exo­
sam ine
Hydroxy-
proline
Total
nitrogei
Androgen +  corticoid 12 9 1 .4 815 .6 13. 1
Corticoid....................... 26 9 0 .9 6 5 9 .1 * 11.3
Untreated, normal 
controls...................... 18 9 5 .1 82 1 .0 1 3 .0
*P  < 1 % ,  versus other groups.
alone (Table V). Finally, in the rats that 
received steroids but no isotope, corticoid 
treatment resulted in a decrease of hexo­
samine, but simultaneous treatment with 
corticoid and androgen prevented such a 
decrease (Table VI).
D iscussion
Six monthly injections of Sr89 given to 
adult rats resulted in bone lesions in all 
animals. The majority of the animals 
studied between the seventh and eleventh 
months after the first injection of isotope 
developed microscopic or gross bone ma­
lignancy. Treatment of these rats with an 
anti-anabolic corticoid alone or combined 
with an anabolic androgen was conducted 
in an attempt to modify connective tissue 
of bones. Controls, untreated with Sr89, 
were used for comparison. We were able 
to show previously that cortisone may in­
duce histological and biochemical changes 
in bones of growing rats and that some 
anabolizers, when given simultaneously 
with cortisone to these animals, protect 
bones against post-cortisone lesions.13’ 14 
But in the present study, when adult rats 
were used, we did not find significant his­
tological difference between hormone- 
treated and control animals. It should be 
noted that different steroids were used in 
the previous work.
Epiphyseal and metaphyseal abnormal­
ities were found in all strontium-treated 
rats. Examination of many such rats re­
vealed a pattern of progression from carti­
laginous and trabecular abnormalities to 
large tumour masses. Osteogenic, cartila­
ginous and fibrosarcomatous patterns were 
the major histological tumour types. These 
variants were found within different tu­
mours in the same rat and even within the 
same tumour. Generally speaking the basic 
tumour cell appeared to arise from fibro­
blasts within fibrosing marrow of the pri-
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mary spongiosa. This is supported by tissue 
culture of the tumour which yielded cells 
quite similar to fibroblasts.
It appears possible that strontium- 
induced malignant changes in bone are re­
lated primarily to excessive stimulation of 
the fibroblasts that normally invade the 
epiphyseal-metaphyseal junction as part of 
the granulation tissue that erodes the car­
tilage. This excessive fibroblastic prolifera­
tion with occasional malignant transforma­
tion is comparable with the effects of 
r idiation on the fibrous tissue of the dermis 
of the skin. Subsequent differentiation of 
the tumour may then occur to form the 
different varieties observed histologically. 
The tumours derived from these fibroblas­
tic cells may reproduce the typical pattern 
of a fibrosarcoma but more commonly are 
associated with osteoid and trabecular for­
mation and occasionally with an extensive 
cartilaginous component particularly if 
arising in the region of the epiphyseal- 
metaphyseal junction.
An interesting finding of the present work 
was the successful transplantation of Sr89- 
induced bone sarcoma to the rats. This 
may certainly open a new possibility for 
further study of this particular neoplasm. 
We were also able to grow this neoplasm 
in tissue culture using some of the trans­
planted tumours.
The most interesting biochemical change 
observed in Sr89-treated rats was the signi­
ficant increase of hexosamine, hydroxypro- 
line and total N in femora. This increase 
was observed at the termination of six 
monthly injections of isotope after the 
period considered as the latent one. At this 
time the histological picture of bones 
showed excessive stimulation of the fibro­
blasts and the increase in intensity of 
staining of the ground substance for 
acid mucopolysaccharides. Fibroblasts are 
known to be the location of synthesis of 
collagenous fibres. It is also known that 
the increased growth and function of fibro­
blasts may be associated with stimulation 
of the production of ground substance. 
Rise in the total nitrogen of organic bone 
may also be a result of excessive fibro­
blastic proliferation. This explanation of 
changes in bones of Sr89-treated rats may 
need further study to be verified.
After the initial period of fibroblastic 
stimulation, tumours developed. Bone 
lesions appeared in all rats and this mark­
edly affected the general health of the an­
imals, which progressively declined until 
death. When Sr89-treated rats were exam­
ined during this period of deterioration, 
their bones contained less hexosamine, 
hydroxyproline and total N than the bones 
of rats with early bone lesions. Anti-ana­
bolic corticoid and anabolic androgen used 
in this experiment were not as active as 
the steroids used in our previous 
studies.13'18’18 In this study we used “depo” 
preparations and also more adult rats than 
in the above-mentioned studies. We found, 
however, that corticoid treatment resulted 
in a decrease of some of the connective 
tissue components studied and that simul­
taneous treatment of rats with both ster­
oids prevented such a decrease. This find­
ing agrees with our previous work.13’ 14
In conclusion then, treatment of rats 
with Sr89, as described in this experiment, 
resulted in malignant bone lesions. Neo­
plasms of bones were transplantable. The 
transplanted tumours were growing well in 
tissue culture. Some of the biochemical 
changes in organic bone components may 
be a product of the associated excessive 
fibroblastic proliferation, which followed 
isotope treatment. Some of the biochemical 
changes observed in rats treated with cor- 
ticoids could be prevented by simultane­
ous administration of an anabolic andro­
gen.
Summary
Six monthly injections of radioactive 
strontium (Sr89) induced malignant changes 
in bones of adult rats. Excessive fibroblas­
tic proliferation with subseauent differen­
tiation into various types of sarcomatous 
lesions were observed. Both transplanta­
tion of these tumours and its growth in 
tissue culture were successful. Bone hexo­
samine, hydroxyproline and total N were 
increased in Sr89-treated rats in the pre- 
malignant period, which might be due to 
the fibroblastic stimulation of bone con­
nective tissue by radiation. Some of the 
bone components in both Sr89-treated rats 
and non-irradiated animals were decreased
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after treatment with a corticoid. An ana­
bolic androgen protected the bones of rats 
from this effect of corticoid when both 
steroids were given simultaneously.
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Resume
Les tumeurs osseuses peuvent etre provoquees 
par des injections simples ou repetees de stron­
tium radioactif chez la souris, le rat et le chien. 
Le strontium se depose dans le squelette et est 
incorpore dans la composante cristalline de l’os; 
la, il attaque les tissus, derangeant la croissance 
normale et provoquant des degenerescences ma- 
lignes. Le present article rapporte les donnees 
experimentales obtenues par les auteurs concer- 
nant l’interaction du strontium-89 et des cortico- 
steroi'des. Trois cents rats de laboratoire (Sprague- 
Dawley). d’un poids moyen de 142 g. furent 
utilises; ils recurent six injections mensuelles de 
strontium-89; a la fin de cette oeriode, 68 rats 
etaient morts (22%), de sorte au’il ne resta plus 
que 232 animaux. Au debut du septieme mois, 
ces survivants furent repartis en trois groupes: le 
premier fut laisse tel quel, ne reqevant plus aucun 
traitement; le deuxieme regut des androgenes et 
des corticoides; le troisieme regut seulement des 
corticoides. Les animaux furent sacrifies mensuel- 
lement et autopsies. Les tumeurs furent fixees, 
decalcifiees et colorees pour etude histologique. 
D’autre part, au debut du dixieme mois, certaines
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tumeurs furent excisees, parmi les rats du premier 
groupe, et, apres homogeinisation, transplantees 
chez d’autres animaux avec succes. Plusieurs trans­
plantations successives sont possibles. La culture 
in vitro de ces tissus est egalement possible. II a 
ete trouve que l’hexosamine, l’hydroxyproline et 
1’azote total osseux voient leur taux augmenter
chez les rats traites dans la periode de pre- 
malignite; ceci semble etre du a la stimulation du 
tissu conjonctif de l’os par la radiation. Certains 
constituants osseux deviennent moins abondapts 
apres traitement corticoide. L’administration d’un 
androgene anabolique associe aux corticoides, pre­
serve les tissus de cet effet.
THE EARLY DETECTION OF DEEP VENOUS THROMBOSIS USING 
Ii3i.TAGGED HUMAN FIBRINOGEN"
P. D. PALKO, M.D.,t E. M. NANSON, M.B.. Ch.E.(N.Z.), F .R .C .S.(Eng.), 
F.R.C.S.[C], F.A.C.S.f and S. O. FEDORUK, M.A..0 Saskatoon, Sask.
A technique for the early detection and 
follow-up of deep venous thrombosis of 
the extremities has been devised using I131' 
tagged human fibrinogen. A preliminary 
report of this study appeared in the 1963 
Surgical Forum  of the Clinical Congress 
of the American College of Surgeons.4 It 
was postulated that human fibrinogen, 
labelled with a radioactive isotope and cir­
culating in the blood stream, would be 
incorporated in a developing intravascular 
thrombus. A “radioactive” thrombus would 
thus be produced, which could be detected 
by external scintillation counting. If this 
theory proved correct a technique could 
be developed using this principle to detect 
early deep venous thrombosis.
Symptoms and signs of deep venous 
thrombosis of the legs are often not de­
tected before irreparable damage has been 
produced. A pulmonary embolus is not 
infrequently the presenting feature. If deep 
venous thrombosis could be detected in the 
early stages before it had become exten­
sive enough to produce symptoms and 
signs, adequate early treatment could be 
instituted.
Hobbs and Davies1 carried out some 
preliminary animal investigations in 1960. 
They gave rabbits intravenous injections
"Supported by Life Insurance Medical Research 
Fund— Grant No. G-63-47.
fResearch Fellow, University of Saskatchewan, 
Saskatoon, Sask.
t  Professor of Surgery, Univerity of Saskatche­
wan, Saskatoon, Sask.
^Assistant Professor, Therapeutic Radiology, Uni­
versity of Saskatchewan, Saskatoon, Sask.
of I131-tagged rabbit fibrinogen and then 
produced artificial thrombi in the long sa­
phenous veins. They reported that each 
thrombus incorporated the tagged fibrino­
gen and external scintillation counting de­
tected the site of the thrombus.
In a small series of animal experiments, 
Ouchi and Warren,2 using I131-tagged hu­
man plasmin (fibrinolysin), found that they 
could detect thrombi in the femoral veins 
of dogs by external scintillation scanning 
up to 24 hours after thrombus formation. 
The present investigators felt that I 131- 
tagged human fibrinogen was more suitable 
for the early detection of deep venous 
thrombosis. It is commercially available in 
a pure form at optimal concentration from 
Abbott Radio-Pharmaceuticals, Oak Ridge, 
Tennessee. Concentrations varied from 2 
to 6 mg./ml. and 0.4 to 0.8 me./ml. The 
specific activity was between 0.120-0.140 
mc./mg. A gradual denaturing of fibrino­
gen takes place in storage, but most of its 
biological activity is maintained for two to 
three weeks when stored at 10° C. Chris­
tensen3 found that human fibrinogen had 
an average half-life of three to four days 
in the human. Other investigators have 
found that it may vary from 2% to six 
days.
Animal E xperiments
Twenty-five mongrel dogs of weights 
varying from 20 to 35 lb. were used in this 
study (Table I). Venograms were made of 
both hind legs using 50%  sodium diatrizo- 
ate (Hypaque) and base-line scintillation
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T A B L E  I.
Group
No. of 
dogs Type of procedure
I 12 Unilateral femoral vein thrombosis; 
control incision and ligation on 
opposite leg.
II 3 U nilateral ethanolamine-induced 
deep vein thrombosis; opposite leg, 
no procedure.
III 3 Unilateral femoral vein thrombosis; 
opposite leg, no procedure.
IV 5 Unilateral femoral vein ligation; 
opposite leg, incision only.
V 2 I 131-tagged human serum albumin 
injected instead of fibrinogen before 
thrombus formation.
A 10
Sub-groups of I, II , I I I :
I 131-tagged fibrinogen injected be­
fore thrombus formation.
B 8 I 131-tagged fibrinogen injected after 
confirmation of thrombus forma-
tion.
counting of both legs was carried out be­
fore the surgical procedure in all dogs. A 
portable scintillation counter was used for 
all experiments. The counting head con­
tained a 1" x 1" sodium iodide crystal and 
a Dumont 6291 photomultiplier. The crys­
tal was set back 3%" into a lead collimator 
with an external aperture 2" in diameter. 
A Baird atomic ratemeter was used.
In 12 of these dogs (Group I) a throm­
bus was formed in the femoral vein of one 
leg. The opposite leg was prepared as a 
control to rule out the influence that con­
gestion and fibrin deposit in the incision 
might have on the counting rate. To pro­
duce a thrombus in the test leg, a 1 "-IV2" 
length of femoral vein was exposed through 
a longitudinal incision. This segment of 
vein was then isolated between two tied 
silk ligatures and the intima traumatized 
by stroking with a roughened metal probe 
through a small side branch of the vein. 
The intima was uniformly traumatized 
along the entire circumference and the full 
length of the isolated segment of the vein. 
The distal ligature was then removed and 
the proximal ligature loosened to leave 
only a tiny lumen proximally, thereby 
slowing down the flow of blood consider­
ably. The outer surface of the vein was
immersed in hexadimethrine (Polybrene), 
which is thought to aid clot formation by 
antagonizing the heparin released from the 
vein wall.
The opposite leg of these 12 dogs was 
prepared as a control. An identical incision 
was made over the leg and the vein ligated, 
without carrying out any thrombus- 
producing procedure. Therefore, any even­
tual difference in counts per minute be­
tween the two legs would be due entirely 
to the tagged fibrin in the thrombus.
Another group of three dogs (Group
II) had the deep thigh veins of one side 
thrombosed by intravenous injections of 
5% ethanolamine oleate. This was done 
by ligating the femoral vein high in the 
thigh, which caused collateral veins deep 
in the thigh muscles to open. An external 
venous tourniquet was placed to slow the 
flow through the collaterals as ethanola­
mine was injected distally. The external 
tourniquet was removed and further veno­
grams in several hours showed numerous 
small thrombi forming in the deep thigh 
veins. This group therefore had numerous 
small veins thrombosed deep in the thigh 
muscles in contrast to a single thrombus in 
the superficial femoral vein in the dogs in 
Group I.
In another group of three dogs (Group
III) , thrombi were formed in the femoral 
vein of one leg with no procedure on the 
opposite leg. These 18 dogs of Groups I, 
II and III were subdivided into two sub­
groups (A and B). Group A (10 dogs) had 
50 to 100 fic. of I131-tagged fibrinogen in­
jected into an antecubital vein of the fore­
leg before the initiation of clot formation. 
Group B (eight dogs) received similar in­
jections of I131-tagged fibrinogen at time 
intervals varying from one hour to five 
days after the presence of the clot was 
confirmed.
R esu lts
External scintillation counting was equal 
over both legs of all dogs preoperatively. 
All Group A dogs showed a progressive 
increase of counts per minute over the test 
leg during the first six to eight hours. Serial 
venograms (Figs. 1-4) showed a gradual 
build-up and extension of thrombus during
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Fig. 2.—Venogram of Dog 1542 showing early 
thrombus formation after four hours of thrombo- 
genesis.
Fig. 3.—Venogram o f D og 1542 showing progression 
of thrombosis and complete obstruction o f vein after 
seven hours.
Fig. 4.—Venogram of D og 1542 showing complete 
obstruction of femoral vein with thrombus and good 
collateral venous return.
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Fig. 5.—Graph showing increase in counting rate over test leg as thrombus forms and the 
sharp drop-off of counts per minute after thrombus is removed.
this time. A significant increase in counts 
per minute over the site of thrombus was 
generally seen within I ‘/a hours of institu­
tion of thrombogenesis and increased stead­
ily thereafter over the next six to eight 
hours. Subsequently there was a very slow 
increase continuing up to 24 hours (Fig. 5). 
The counts per minute in many dogs began 
to increase over the test site when only 
some slight intimal irregularity was seen on 
venograms. All clots varied greatly in size, 
some extending down the vein well into the 
lower leg (Fig. 6). Counts per minute in­
creased very slightly over the control legs 
owing to the deposit of I131-tagged fibrin 
in the incision and to venous congestion. 
However, maximal counts over the throm­
bus were from 36% to 45% higher than 
counts over an identical area on the con­
trol leg. If the thrombi were excised, the 
counts per minute over the area dropped to 
levels almost as low as the control leg 
(Fig. 5). This showed that the radioactivity 
in the thrombus was responsible for the 
count difference. In the case of the four
dogs of Group III in which no control leg 
was prepared, the differences in counts per 
minute were higher, since the test leg with 
the clot, venous congestion and wound fi­
brin was compared with a leg with none 
of these factors.
Group B dogs received I131-tagged fibrin­
ogen injections at the following times after 
confirmation of clot formation — one, five, 
seven, 24, 28, 42, 72 and 96 hours. Only 
the animal which received fibrinogen one 
hour after confirmation of clot formation 
showed a gradual increase in counts per 
minute over the site of the thrombus, main­
ly in the region of the knee. Venograms 
confirmed the presence of active clot for­
mation in the region of the knee which 
had developed after the injection of fibrin­
ogen. The others demonstrated no increase 
in counting rate over the test leg and veno­
grams showed no further clot formation. 
It was deduced therefore that I131-tagged 
fibrinogen did not adhere to a preformed 
thrombus but was incorporated into a de­
veloping thrombus only. Thrombi were re-
April 1964 DETECTION OF VENOUS THROMBOSIS 219
moved from Group A dogs and scintilla­
tion counting carried out on each. The 
amount of activity present in each clot was 
compared with the activity present in an 
equal weight of each animal’s in vitro 
clotted blood. It was found that the intra­
vascular thrombi were from seven to 10 
times more radioactive than an equal 
weight of in vitro clot. The amount of 
radioactivity present in thrombi removed 
from Group B dogs was much less than 
that present in an equal weight of the 
same animal’s in vitro clotted blood. This 
confirmed the incorporation of I131-tagged 
human fibrinogen in a developing throm­
bus in the dog.
Another group of five dogs (Group IV) 
was prepared with the femoral vein of one 
leg ligated. An identical incision with no 
ligation was carried out over the opposite 
leg. All of these dogs were given I131- 
tagged fibrinogen before operation. This 
group was prepared in order to study the 
effect of femoral vein obstruction and re­
sultant venous congestion alone upon the 
counting rate. All of these dogs showed 
an increase in counts per minute over both 
legs as fibrinogen I131 was deposited in the 
incisions. The leg with venous ligation and 
congestion showed an initial counting rate 
up to 15% higher than the opposite leg. 
These counts did not increase during the 
following hours because no active throm­
bus formation was occurring.
Two further dogs (Group V) were given 
injections of I 131-tagged human serum al­
bumin before formation of thrombi, to test 
the effect of a different serum protein. It 
was found that serum albumin was not in­
corporated in a forming thrombus since the 
counting rate over the thrombus showed 
no increase. Therefore, fibrinogen is incor­
porated as fibrin in a developing thrombus 
because of its special biological proper­
ties.
It was concluded from these animal 
studies that human fibrinogen tagged with 
I131 is incorporated as tagged fibrin into a 
developing femoral vein thrombus in the 
dog. A radioactive thrombus is produced 
which can be detected by external scintil­
lation counting. This technique cannot de­
tect a preformed venous thrombus unless 
further active thrombosis occurs.
Fig. 6.—Venogram of Dog 1480 showing patchy 
thrombosis in upper segment of vein with a long 
distally propagated thrombus.
C l in ic a l  Studies
This technique has been applied to the 
early detection of deep venous thrombosis 
in 26 patients at the University Hospital in 
Saskatoon. Patients were given 100 pc. 
doses of I131-tagged human fibrinogen into 
an antecubital vein. No side effects or 
harmful reactions were seen in any of these 
patients. Because the amount of injected 
fibrinogen was so low (1-8 mg.), it was 
felt there was no danger that it would pre­
cipitate an intravascular thrombosis. This 
amount of fibrinogen increases the total 
serum content of fibrinogen only an in­
finitesimal amount. The uptake of I131 by 
the thyroid gland was blocked in all pa­
tients by a preceding course of Lugol’s 
iodine or potassium iodide.
External scintillation counting of all pa­
tients was carried out with the portable 
scintillation detector previously described. 
This simplified the test, since counting 
could be done at patient’s bedside. Count­
ing was done at a constant distance above
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the patient’s legs. The legs were kept in 
the same position during each counting. 
External scintillation scanning of both legs 
of all patients was carried out from groin 
to toe, at measured intervals, so that every 
area of leg was covered. Counts per min­
ute over each leg were plotted against an 
anatomical diagram of a leg with standard­
ized length and proportion. The resultant 
curve was similar in all seven normal pa­
tients who were tested. Curves of all nor­
mals were superimposed and the mean 
normal curve derived from them (Fig. 7).
Curves showed a rapid fall-off in counts 
per minute as the counting head moved 
from groin to knee. From the suprapatellar 
region to the area of the tibial tuberosity 
there is a levelling off of counts per min­
ute. There is a slight plateau over the bulk 
of calf muscles followed by a moderately 
rapid decline to another levelling of counts 
per minute, over ankle and foot. A 0%  to 
10% difference in counting rate between 
identical areas of both legs was seen, with 
a mean difference of 5%.
Eleven of the patients were tested before 
operation. They were considered to be 
thrombosis-prone for various reasons such 
as age, previous thrombotic phenomena
(cerebrovascular accident, coronary throm­
bosis and deep venous thrombosis), cardiac 
decompensation, debility, polycythemia or 
abnormalities in clotting mechanisms, 
lesions requiring operation (abdominal or 
pelvic neoplasms, fractured hip), nature of 
operation (lithotomy position), and length 
of procedure. Finally, there were patients 
who might be expected for any reason to 
be inactive in the immediate postoperative 
period. A patient with any combination of 
the above-mentioned factors would be ex­
pected to have an increased tendency to 
develop postoperative deep venous throm­
bosis.
On all patients a careful examination of 
legs was made for tenderness and varicos­
ities. Measurements of calf circumference 
were carried out before testing and 
throughout the entire testing period. Each 
of the 11 patients was given 100 ixc. of 
tagged human fibrinogen one day before 
operation. External scintillation counting 
was carried out over both legs, abdomen 
and chest one hour after injection and, if 
possible, was repeated one to two hours 
before operation. Counting was carried out 
again immediately after operation while 
the patient was in the recovery room and
April 1964 DETECTION OF VENOUS THROMBOSIS 221
every IV2 hours for the next six to eight 
hours. After the first 24 postoperative 
hours had elapsed, counting was carried 
out less frequently. If there was much 
bleeding around the operative site, a large 
amount of tagged fibrin would be depos­
ited. This caused the counting rate to drop 
rapidly in the limbs. It was necessary to 
give some patients a booster dose of a 
further 100 /ic. In most cases, the counting 
rate remained high enough for accurate 
testing for five to seven days postopera- 
tively.
It is stated by many that deep venous 
thrombus formation may begin when the 
patient is still on the operating table. Prob­
ably the most critical period is the first 
few days after operation when the patient 
is less mobile and the stress of operation 
is producing its various side effects.
Ten of these patients showed no in­
crease in counts per minute over any area 
of the legs postoperatively, developed no 
symptoms or signs of deep venous throm­
bosis, and were well at time of discharge 
from hospital. Positive results developed in 
only one patient of this group and her 
case history is as follows:
Mrs. A.B., a 77-year-old woman, was ad­
mitted for investigation of hematuria. Cysto­
scopy revealed a bladder tumour. No history 
of deep venous thrombosis or other throm­
botic phenomenon was given. Physical exam­
ination revealed a fibrosed long saphenous 
vein on the left due to an old thrombosis. 
Ten years before admission she had under­
gone an abdominoperineal resection for car­
cinoma. An electrocardiogram showed ST-T 
changes suggestive of myocardial ischemia. She 
was given 100 gc. of I131-tagged human 
fibrinogen 24 hours before a transurethral re­
section of the bladder tumour. Counts were 
within normal limits over both legs before 
operation and were unchanged one hour post­
operatively. However, three hours after op­
eration, counts were seen to be increasing 
over the right calf and right popliteal fossa. 
They increased by 48% in seven hours. The 
counting rate was unchanged over the left leg 
(Fig. 8). The curve of counts per minute over 
the right leg showed a definite peak in the re­
gion of the popliteal fossa and the upper calf, 
which developed during these seven hours. 
No symptoms or signs were present. It was 
felt that early thrombus formation was devel­
oping in these areas and she was therefore 
started on anticoagulant therapy. Counts 
stopped rising over the aforementioned areas
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THIGH K N E E  FOOT
Fig. 9.—Curves of counting rates over legs of Mr. S.A. showing a 50% increase in counts 
per minute taken over the left popliteal fossa and suprapatellar region after six hours of testing, 
indicating active thrombus formation in this area.
of the leg when the blood reached a hypo- 
coagulable state. Several days later she com­
plained of some vague discomfort in that calf 
but this soon subsided. Calf circumference 
was unchanged and she was discharged in a 
satisfactory condition.
A second group of eight patients was 
tested. These w ere patients who presented 
with early symptoms and signs suggestive 
of deep venous thrombosis. Six showed no 
initial difference in counting rate over the 
legs and no rise in counts per m inute de­
veloped over the affected leg after two or 
more days of testing. T h eir vague symp­
toms and signs disappeared quickly and 
no deep venous thrombosis was proved.
Tw o patients in this group showed posi­
tive findings and their case histories are as 
follows:
S.A., a 70-year-old man, was diagnosed as 
having benign prostatic hypertrophy. No his­
tory of previous deep venous thrombosis or 
thrombotic phenomenon was given. An elec­
trocardiogram showed minor non-specific ST-T 
changes. A successful retropubic prostatectomy
was carried out. Seven days after operation 
he developed some left calf pain and ten­
derness and low-grade fever. This increased 
in severity over the following 12 hours when 
pain was felt in the popliteal fossa also. On 
examination there was definite tenderness in 
the muscles of the left calf and in the lower 
popliteal fossa. The calf circumference was 
not increased. The superficial veins were di­
lated and the calf was warm. Homan’s sign 
was positive and the calf felt bulky and in­
durated. Initial counts per minute were equal 
over both legs (Fig. 9 ). Within three hours a 
noticeable increase in the counting rate was 
seen over the left popliteal fossa and calf. 
Within six hours the counts over the popliteal 
fossa were 50% higher than they had been six 
hours previously. They were 50% higher than 
the counts per minute over the corresponding 
area on the opposite leg. The curve of the 
left leg showed that a definite peak had arisen 
in its mid-portion (Fig. 9 ). The counts over 
the left upper calf rose by 22%. Anticoagulant 
therapy was started immediately but counts 
continued to rise slowly to 55% in 12 hours, 
before stopping their climb. A follow-up study 
of the patient was continued for four more 
days and no further relative increase in the 
counting rate was noted. Symptoms and signs
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Fig. 10.—Curves of counting rates over legs of Mr. P. G., showing a 28%  increase in counts 
per minute in the region o f popliteal fossa after six hours of testing, indicating active thrombus 
formation in this area. Curve at hour zero shows initial elevation of counts per minute over lower 
right leg owing to venous congestion.
slowly subsided and he was discharged well 
with no residual effects present in the leg at 
that time.
A venogram revealed thrombi in the deep 
veins of the calf, and some irregularity of the 
vein walls in the popliteal region suggestive 
of early thrombus deposition.
P.G., a 29-year-old man, had an arthrodesis 
because of severe degenerative disease of the 
right hip. The right leg was placed in trac­
tion and three weeks after operation he de­
veloped some discomfort in the right calf with 
swelling. The right calf circumference was 
2%" greater than the left and the calf felt 
tense Initial counts per minute over the right 
calf were 8% higher than the left, due prob­
ably to the venous congestion. Within six 
hours the difference was 12% in -the calf but 
had jumped to 28% in the region of the 
popliteal fossa as counts rose in this area. 
The curve of the leg at the sixth hour shows 
the abnormal configuration (Fig. 10). Antico­
agulant therapy was begun immediately. There 
was no further increase in -the counting rate 
and swelling of the lower leg soon subsided. 
He was discharged well with no residual 
swelling.
Tests were carried out on two patients 
with known unilateral femoral vein ob ­
struction (Figs. 11 and 12). In one this was 
due to a previous surgical ligation o f the 
femoral vein and, in the other, to a one- 
month-old thrombosis in the lower femoral 
and popliteal veins. Both showed counts 
that were 15%  to 25%  higher over the 
leg with the femoral vein obstruction than 
over the normal leg. The initial curves 
were definitely abnormal and did not 
change during the period o f testing. The 
difference in counts between the legs did 
not increase in follow ing days o f testing 
because no active thrombus formation was 
occurring.
A final patient, Mrs. L.G., was given an in­
jection of I131-tagged fibrinogen, after which 
an artificial thrombus was formed in a super­
ficial varix by means of ethanolamine injec­
tion. As the clot increased in size and density 
over a five-hour period, the counts per minute 
increased proportionately. Counts per minute 
over the site of the thrombus increased by 
41%. The curve of counts per minute over
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Fig. 11.—Curves showing increased initial counting rate over right calf of Mr. J. N. due to 
old femoropopliteal vein thrombosis with resultant venous congestion.
Fig. 12.—Curves showing increased initial counting rate over left leg of Mr. M. F. due to 
high femoral vein obstruction with resultant venous congestion.
that leg showed a peak produced by the 
thrombus formation (Fig. 13). The throm­
bosed vein and a wide area of surrounding
subcutaneous tissue were excised and it was 
found that the thrombus was responsible for 
90? of the increased counting rate in that
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Fig. 13.—Curves of counting rates over legs of Mrs. L. G. showing a 41% increase in counts 
per minute over site of artificially produced thrombus in superficial varix after four hours of testing.
area. Upon removing the tissue surgically, the 
counting rate dropped to values that were 
present before a thrombus was formed.
D iscussion
In this study it has been shown that I131- 
tagged human fibrinogen is incorporated 
into a developing venous thrombus in the 
dog to produce a radioactive thrombus 
which can be detected by external scintil­
lation counting. This test was applied to 
the diagnosis of deep venous thrombosis 
of the extremities in 26 patients. It is seen 
that human fibrinogen tagged with I131 
is incorporated in a developing deep ven­
ous thrombus as tagged fibrin in man. 
After intravenous injection of tagged 
fibrinogen in man, there is often a slight 
initial difference in the counting rate be­
tween corresponding areas on both legs 
(0%-10%). This may be due to anatomical 
differences in position of deep veins, vari­
cosities or mild venous congestion. How­
ever, the important principle of the test 
is not the difference in initial count per 
minute between the two legs, but whether 
there is any increase in counts per minute
over an area on a leg during the hours of 
testing that follow. If there is no active 
thrombus formation during the period of 
testing, the counting rate will not increase 
and the initial difference between the legs 
and the initial curve of each leg will also 
be unchanged. Three to six hours o f active 
progressive thrombus formation in the 
veins of the leg has been found to incor­
porate enough tagged fibrin to allow the 
thrombus to be detected by external scin­
tillation counting. The test will not dem­
onstrate an old thrombus unless there is 
further active thrombus deposited about 
it. However, if the old thrombus is caus­
ing venous dilatation and congestion dis- 
tally, the initial curve of counting rate 
over the leg will have a characteristic ap­
pearance. It is felt that this test may prove 
useful in two main types of patient.
A. The thrombosis-prone patient who is 
scheduled for operation.—He can be given 
the tagged fibrinogen preoperatively. 
Counting can be carried out over both legs 
before operation and for six to seven days 
after. Any thrombus formation during this 
period of time in the veins of extremities
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will be revealed by an increase in the 
counting rate. The thrombus should be de­
tected in its early stages before any symp­
toms or signs develop. Early and accurate 
anticoagulant or fibrinolytic therapy can 
then be instituted before irreparable dam­
age or pulmonary emboli result.
B. The patient with vague symptoms or 
signs suggestive of deep venous thrombo­
sis— In this patient, the diagnosis is often 
in doubt. The test can be carried out as 
described. If there is no count per minute 
increase over the affected leg after 14 
hours of testing, there is probably no ac­
tive thrombus formation occurring. If there 
is active thrombus formation, elevation in 
counts per minute should be detectable 
within three to four hours.
Su m m a r y
A technique has been developed using 
I i'u-tagged human fibrinogen, which can 
detect early deep venous thrombosis in the 
legs of man. Animal studies carried out on
25 dogs showed that I131-tagged human 
fibrinogen was incorporated in a develop­
ing femoral vein thrombus to produce a 
“radioactive” thrombus which was detect­
able by external scintillation counting.
This was also shown to be true in man. 
Tagged fibrinogen, if circulating in the 
blood, was incorporated in a deep venous 
thrombus early in its development. The 
thrombus could thus be detected by ex­
ternal scintillation counting. Three of the
26 patients who were tested showed re­
sults indicative of early deep venous 
thrombosis and responded well to treat­
ment.
The authors gratefully acknowledge the sup­
port by the Life Insurance Medical Research Fund 
which enabled this work to be carried out.
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R esum e
Les auteurs ont developpe une technique nou- 
velle visant a decouvrir precocement les throm­
boses veineuses des extremites; elle repose sur la 
supposition que du fibrinogene humain, marque 
avec un isotope radioactif et cireulant dans le 
courant sanguin, sera incorpore dans un throm­
bus en cours de formation. Un caillot radioactif 
est ainsi forme, que Ton peut reperer avec un 
detecteur a scintillation. L ’interet principal de 
cette technique serait permettre un diagnostic 
beaucoup plus precoce que cela n’est clinique- 
ment possible. Des essais chez le ehien ont ete 
faits comprenant un total de 25 animaux batards. 
Ils furent divises en trois groupes: chez le premier 
on provoqua une thrombose de la veine femorale 
dans une patte; dans le second, on s’adressa aux 
veines profondes de la cuisse, unilateralement; dans 
le troisieme enfin, on reproduisit la lesion dans la 
veine femorale. Les lesions etaient par de- 
couverte du vaisseau interesse, suivi de la ligature 
d’une certaine portion et de la traumatisation de 
Fendoveine. Le fibrinogene radioactif (marque a 
l’iode131) fut injecte de faqons diverses, et aussi 
a des temps differents apres Fintervention. On put 
alors trouver une nette augmentation de la radio- 
activite aux niveaux des thrombus. Cette tech­
nique a ete utilisee, a titre de controle chez 25 
malades au “University Hospital” de Saskatoon; 
le meme produit radioactif fut employe, sans 
qu’aucun effet nefaste n’ait ete enregistre. L’ad- 
ministration de la drogue fut precedee d’une cure 
au Lugol. afin d’eviter le bloquage de l’iode par 
la thyro'ide. Des resultats tres semblables furent 
obtenus. II ressort de cette etude que cette tech­
nique est d’un interet tout particulier dans deux 
cas: chez le malade ayant une tendance a faire 
des thromboses et qui est en instance d’interven- 
tion; et pour le diagnostic precoce de cette com­
plication chez un malade qui ne presente que des 
vagues signes cliniques.
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EDITORIAL
GASTRIC HYPOTHERMIA
I n 1958 Wangensteen and his associates1 
introduced the idea of cooling the stomach 
to control gastroduodenal hemorrhage. Their experimental work showed that gas­
tric hypothermia inhibits peptic activity, 
reduces gastric secretion and diminishes 
gastric blood flow. Since then, cooling of 
the stomach to temperatures of 5-15° C., 
by a variety of methods, has been widely 
used in the control of upper gastrointes­
tinal hemorrhage with considerable suc­
cess. It is effective in controlling bleeding 
from duodenal ulcers, but not from gastric 
ulcers, and is best used as a temporary 
measure to arrest blood loss, allowing time 
for adequate transfusion before proceed­
ing with a semi-elective operation.Their work was extended to investigate 
the effect of freezing the stomach with the 
aim of reducing the digestive power of 
gastric secretion. Experiments on dogs sug­
gested that freezing the stomach at —15° 
C. for one hour, effectively suppressed 
gastric secretion and that this was the re­
sult of the loss of the secretory effect of 
the vagus on the stomach, the absence of the usual hormonal release from the an­
trum in response to food or peptone stimu­
lation and the direct effect of cold on the 
specialized cells of the mucosa. Micro­
scopical examination of the mucosa after 
freezing under these conditions showed 
loss of granules and foamy vacuolation of 
the chief cells, and swelling and necrosis 
of the parietal cells. Regeneration was evi­
dent at 48 hours, the acute effect had 
passed off in two weeks and six months 
later the mucosa appeared normal.2
Wangensteen’s group quickly adapted 
gastric freezing to the treatment of duo­
denal ulceration.3 The patients were care­
fully selected, the four chief indications being a good history of duodenal ulcer­
ation; radiological demonstration of a duodenal ulcer crater; absence of any lesion 
in the stomach, and no evidence of delay in emptying of the stomach. Gastric freez­
ing was achieved by the use of cold ethyl alcohol circulating in a shaped rubber bag. A coolant inflow temperature of —17° C.
and an outflow temperature of —10° C. for periods of time varying from 60 to 45 
minutes were employed. In the hands of an 
expert team the complications were re­markably infrequent; bleeding from the 
stomach and pyloric obstruction were the most serious. The former rarely required 
operation, the latter usually did.
The concept of treating peptic ulceration 
by reducing the digestive power of gastric 
juice through a direct attack on the mu­
cosa is attractive. Lippman, Sheldon and 
Longmire,4 in 1956, demonstrated that 
surgical excision of the gastric mucosa 
down to the muscularis mucosae is followed 
by a complete regeneration within 11 weeks. A year later the gastric secretion 
had stabilized at 80% of the digestive 
power and volume of the preoperative se­cretion. Similarly, Goldgraber et al.° showed 
that irradiation of the stomach produced extensive coagulation necrosis in the mu­
cosa but that reversion to normal was 
prompt and complete, both anatomically 
and functionally. These examples serve to 
emphasize the remarkable regenerative powers of the gastric mucosa.
Recent work by Berg and Nanson,® from 
Saskatoon, has cast doubt on the theoreti­
cal basis of gastric freezing in the treat­
ment of duodenal ulcer. They froze the 
stomachs of dogs for one hour at —17° C. 
Soon after freezing there was a secretory 
response to insulin, histamine and pep­
tone, similar to that present before gastric 
freezing. When these dogs were vagotom- 
ized and retested with insulin stimula­
tion, the acid levels in the gastric secretion 
dropped to zero. Examination of the mu­
cosa showed some superficial erosions but 
the parietal and chief cells showed very 
little change. They also carried out gastric 
freezing on a series of patients and could 
not detect any reduction in the volume, 
acid concentration, or proteolytic activity 
of the gastric juice after freezing. Clapp 
et al.,7 from New York, reported similar 
results from their experimental work on 
dogs.
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determined by the Editorial Board. As 
space is available, a limited number of 
case reports will be published. Articles 
should be typed on one side only of un­
ruled paper, double-spaced, and with wide 
margins. The author should always retain a 
carbon copy of material submitted. Every 
article should contain a summary of the 
contents. The Concise Oxford Dictionary 
will be followed for spelling. Dorland’s Am­
erican Medical Dictionary will be followed 
for scientific terminology. The Editorial 
Board reserves the right to make the usual 
editorial changes in manuscripts, includ­
ing such changes as are necessary to en­
sure correctness of grammar and spelling, 
clarification of obscurities or conformity 
with the style of the Canadian Journal of 
Surgery. In no case will major changes be 
made without prior consultation with the 
author. Authors will receive galley proofs 
of articles before publication, and are asked 
to confine alterations of such proofs to a 
minimum.
Reprints
Reprints may be ordered on a form which 
will be supplied with galley proofs. It is 
important to order these before publication 
of the article, otherwise an extra charge 
for additional type-setting will be made.
R eferences
References should be referred to by numer­
als in the text. They should include in 
order: the author’s name and initials in capi­
tals: title of the article; abbreviated journal 
name; volume number, page number and 
year. The abbreviations of journal names 
should be those used by the National 
Library of Medicine, Washington, D.C., as 
published in Index Medicus. References to 
books should include in order: author’s 
name and initials; title of book; number of 
edition (e.g., 2nd ed .); title of publishing 
house; city of publication; year of publica­
tion; page number if a specific reference.
Illustrations
A reasonable number of black-and-white 
illustrations will be reproduced free with 
the articles. Colour work can be published 
only at the author’s expense. Photographs 
should be glossy prints, unmounted and 
untrimmed, preferably not larger than 10" 
x 8". Prints of radiographs are required 
and not the originals. The magnification of 
photomicrographs must always be given. 
Photographs must not be written on or 
typed on. An identifying legend may be 
attached to the back. Patients must not be 
recognizable in illustrations, unless the 
written consent of the subject for publica­
tion has been obtained. Graphs and dia­
grams should be drawn in India ink on 
suitable white paper. Lettering should be 
sufficiently large that after reduction to 
fit the size of the Journal page it can still 
be read. Legends to all illustrations should 
be typed separately from the text and sub­
mitted on a separate sheet of paper. Illustra­
tions should not be rolled or folded.
Language
Tt should be clearly understood that con­
tributors are at full liberty to submit 
articles in either English or French, as they 
please. Acceptance will be quite independ­
ent of the language of submission. If the 
contributor wishes, he may submit an in­
formative summary of not more than 300 
words in the language other than that in 
which he has submitted the article. For 
example, an article in English must carry 
an English summary and may, if the author 
wishes, carry a more detailed summary in 
French.
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Most recent clinical reports agree that 
about 65% of patients with duodenal ulcer 
are relieved of ulcer pain after gastric 
freezing, but there is considerable doubt 
that this relief is due to the reduction in 
the volume and power of the gastric juice. 
Furthermore, whether this improvement is 
due to the gastric freezing, or to other in­
fluences associated with hospitalization, is 
not known.
What is needed is a critical assessment 
of gastric freezing by means of well de­
signed double-blind control studies. These 
are underway in at least two centres. Until 
these results are published, gastric freez­
ing should be considered as an experimen­
tal form of treatment for duodenal ulcer 
with a definite complication rate, and its 
widespread use in clinical practice in the 
treatment of duodenal ulcer is to be de­
plored. Nevertheless, we should not 
lose sight of the fact that gastric cool­
ing, as introduced by Wangensteen, has 
been proved time and time again to be a
reliable method of temporarily controlling 
acute hemorrhage from duodenal ulcer.
H. T. G. W il l ia m s
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1. CHANGES IN CONTENT AND CON­
DUCT OF FELLOWSHIP EXAMINA­
TIONS APPROVED
During 1963 the Committee on Exami­
nations undertook an intensive review of 
the whole content and conduct of the 
Fellowship examinations in the three ma­
jor disciplines of medicine, surgery and 
obstetrics and gynecology. As a result of 
this review, certain changes in both con­
tent and conduct of the examinations in 
these three fields were recommended by 
the Committee and approved by the Coun­
cil of the College at its meeting in mid- 
January of this year.
With respect to the content of the exami­
nations, the most significant change will 
be a decreased emphasis on pathology and 
a corresponding increase in emphasis on 
other basic sciences such as biochemistry,
physiology and pharmacology. In the Fel­
lowship examinations in medicine and in 
obstetrics and gynecology, the present 
pathology written paper (Paper No. 2) will 
be discontinued and questions in pathology 
will be included in the basic science paper 
(Paper No. 3). Likewise, the present oral 
examination in pathology will become an 
oral examination in the basic sciences ap­
plicable to the specialty, including patholo­
gy. In the Fellowship examination in sur­
gery, the written pathological paper will 
be retained but the oral examination in 
pathology will include greater emphasis 
on other basic sciences applicable to the 
specialty. In place of the written paper on 
pathology in the Fellowship examination 
in medicine, it is proposed to introduce on 
a trial basis a multiple-choice type of ex­
amination dealing with both clinical medi­
cine and the basic sciences as applied to 
medicine, with a view to determining the 
advantages and place of this type of ex­
amination in the Fellowship examinations. 
Because the Fellowship examination in ob­
stetrics and gynecology has in the past
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consisted of four written papers as opposed 
to three in all other specialties, it is not proposed for the time being to introduce 
a substitute paper for the deleted written paper in pathology.
Because of the time required to develop the multiple-choice examination in medi­
cine and in order that candidates will have 
ample notice of these changes in the ex­
aminations, it has been agreed that they 
not be implemented until the 1965 exam­
inations. Meanwhile, the specialty commit­
tees of the College have been asked to 
undertake a review of the content of the 
Fellowship examinations in their respec­
tive specialties with a view to putting for­
ward, for the consideration of the Com­
mittee on Examinations and Council, 
recommendations along similar lines for the 
examinations in their specialties.
Concerning the conduct of the examina­
tions, several changes were proposed and 
approved by Council. The first of these 
relates to the system of marking of the 
written papers. In the past, each paper 
has been independently marked by two examiners. It is now proposed that candi­
dates will answer each question in a sep­arate book and that each question will be 
independently marked by two examiners. 
Thus the full paper of each candidate will 
now be exposed to a total of eight exam­
iners rather than only two as in the past.
A second change relates to the averag­ing of the marks obtained on the three 
written papers in establishing the eligi 
bility of candidates to proceed to the oral 
and clinical examination. In the past, can­
didates have been required to achieve a 
satisfactory pass mark on each of the three 
written papers. Under the new procedure, 
the average of the marks on the three written papers will be used and an above- 
average mark obtained on one paper will 
thereby compensate for a mark which might be below the passing standard on another.
The third maior change is the decision to permit candidates who pass the written 
examinations but fail the oral and clinical examination to appear for a supplementary oral and clinical examination to be held in the spring of the year following the regu­
lar examinations. A supplementary exam­
ination fee, the amount of which is yet to 
be determined, will be assessed for can­didates wishing to take advantage of this opportunity.
Finally, in order to improve the con­
tinuity in the content and conduct of the 
examinations from year to year, it is pro­posed to appoint a chief examiner for each 
of the Fellowship Boards who would serve 
for a period of five years; these chief ex­
aminers would sit as members of the Com­
mittee on Examinations, and would be 
responsible for the overall supervision of 
the conduct of the examinations.
The changes relating to the conduct of 
the examinations as outlined above will be 
implemented immediately, i.e., in respect of the 1964 Fellowship examinations.
2. CHANGES IN TRAINING REQUIRE­
MENTS RELATING TO THE EXAM­INATIONS OF THE COLLEGE
The following changes in the require­ments of training for the examinations of 
the College have been approved by the 
Council of the College. These new require­
ments must be fulfilled by candidates wish­
ing to apply for admission to the examina­
tions in the year indicated in brackets 
opposite the name of the specialty. Where 
it is to a candidate’s advantage to be assessed according to the new require­
ments prior to that date, this will be done.
(a) Fellowship Examination in Surgery 
Modified for Cardiovascular and Thor­acic Surgery (1968)
1. An approved general internship of at least one year.
2. Four years of graduate training in 
addition to the general internship. This must include;
( a ) One year of approved resident training in general surgery.
( b ) Two years of approved resident 
training in cardiovascular and 
thoracic surgery. The candidate’s training must include the equiv­alent of six months’ approved res­
ident training in surgery of the 
thoracic wall, mediastinum, eso­phagus and diaphragm, as well as the lung, and not less than
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one year of approved resident 
training in cardiovascular sur­
gery. During the course of this 
training, adequate experience 
must be obtained in the manage­
ment of both congenital and ac­
quired lesions.
( c ) One year of approved laboratory 
training in the techniques of 
cardiovascular surgery, extracor­
poreal circulation and hemody­
namics. At least six months of 
this year must be spent exclus­
ively in the laboratory; the re­
mainder of the year may be 
spent in the laboratory concur­
rently with resident training in 
the specialty where the training 
program is organized to provide 
this dual experience.
( d ) One year of training which may 
include:
(i) One further year of approved 
resident training in cardiovascu­
lar and/or thoracic surgery.
(ii) One year devoted, in part, 
to further approved training in 
cardiovascular and/or thoracic 
surgery, and, in part, to ap­
proved full-time training in basic 
sciences, e.g. physiology, path­
ology, etc.
(iii) Six months of further train­
ing in cardiovascular and/or 
thoracic surgery and six months 
of approved resident training in 
internal medicine, or a medical 
specialty.
(iv) One year as clinical research 
fellow in a department approved 
by the College.
(v) One year in the full-time 
study of the basic sciences in a 
department approved by the Col­
lege, e.g. physiology, pathology, 
etc.
(vi) One year in an approved 
course of study or training at a 
university centre.
(vii) One year of approved train­
ing in two or more fields related 
to cardiovascular and thoracic 
surgery, such as: general surgery, 
pediatric surgery, neurosurgery,
urology or radiology. This period 
may include resident training or 
clinical fellowships.
( b ) Fellowship Examination in Surgery 
M odified for Otolaryngology (1968)
1. An approved general internship of at 
least one year.
2. Four years of graduate training in 
addition to the general internship. 
This period must include:
( a ) One year of approved resident 
training in general surgery, or 
six months of approved resident 
training in general surgery and 
six months of approved resident 
training in a surgical specialty 
other than otolaryngology.
( b ) Three years of approved train­
ing in otolaryngology, two years 
of which must be spent in ap­
proved resident training in oto­
laryngology and one year of 
which may be spent in further 
approved resident training in 
otolaryngology or such other 
training in otolaryngology as may 
be approved by the Credentials 
Committee.
(c ) Fellowship Examination in Surgery 
M odified for Urology and Certification 
Examination in Urology (1967)
1. An approved general internship of 
at least one year.
2. Four years of graduate training in 
addition to the general internship. 
This period must include:
( a ) One year of approved resident 
training in general surgery.
( b ) Two years of approved resident 
training in urology.
( c ) One year of training which may 
include:
(i) One further year of approved 
resident training in urology.
(ii) One year as a clinical research 
fellow in a department approved 
by the College.
(iii) One year of full-time study 
of basic science in a department 
approved by the College.
(iv) Six months of full-time study 
of basic science and six months
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of approved resident training in 
internal medicine, urology or 
in an allied field of surgery.
(v) One year devoted in part to 
further approved training in 
urology, and in part to approved 
full-time training in basic 
science.
(vi) One year in an approved 
course of study and training at 
a hospital or university centre in 
Canada or abroad.
3. RESCINDING OF LICENSING R E­
QUIREMENT FOR CERTIFICATION 
EXAMINATIONS
For some years it has been a require­
ment for admission to the Certification ex­
aminations of the College that candidates 
be Licentiates of the Medical Council of 
Canada or, alternatively, be fully registered 
to practise in one of the provinces of Can­
ada. This requirement did not apply to 
the Fellowship examinations.
At its meeting in January 1964, the 
Council rescinded this licensing regulation, 
and commencing with the 1964 examina­
tions, it will not be necessary for candid­
ates to possess the L.M.C.C. or to be 
licensed to practise in Canada for admis­
sion to any of the examinations of the 
College.
4. TH E 1964 ANNUAL MEETING
The 1964 Annual Meeting of the Col­
lege was held at the Chateau Frontenac 
in Quebec City. More than 900 Fellows, 
Certificants and guests were registered. 
Nine sister colleges in the United States, 
the United Kingdom and the Common­
wealth were represented by their presi­
dents or a senior officer. One of the high­
lights of the meeting was the Annual Con­
vocation ceremony at which were pre­
sented to the College a Great Mace, gift of 
past and present members of the Council 
and Court of Examiners of the Royal Col­
lege of Surgeons of England; a silver ca- 
duceus, symbol of the personal authority 
of the President, gift of the Royal College 
of Physicians of London; and a sterling- 
silver cigarette box, gift of the Royal Aus­
tralasian College of Physicians.
Honorary Fellowships in the College 
were conferred on Sir Arthur Porritt, Bt., 
Immediate Past President of the Royal 
College of Surgeons of England, and on 
Professor Leslie John Witts, Nuffield Pro­
fessor of Medicine at Oxford University, 
the 1964 Royal College Annual Lecturer 
in Medicine. Sir Arthur Porritt addressed 
the 140 new Fellows presented at Convo­
cation.
5. NEW PROVISIONS FOR ADMISSION 
OF MEDICAL SCIENTISTS TO F E L ­
LOWSHIP IN THE COLLEGE
At its January 1964 meeting, the Coun­
cil approved a procedure whereby medi­
cal scientists, clinical investigators who are 
medical graduates of at least 10 years’ 
standing or who have reached the age of 
35 years, and who have been engaged in 
medical research for at least seven years, 
may apply for admission to Fellowship in 
the College. Such an application will be 
assessed on the basis of the candidate’s 
published work. Following preliminary as­
sessment of his medical qualifications, 
graduate training and research activities 
by the Executive and Credentials Commit­
tees, the published works of the candidate 
will be assessed by a specially constituted 
board of examiners. The board of examin­
ers will submit an opinion on the merit 
and standard of the candidate’s publica­
tions to the Executive Committee which 
will then make a final recommendation to 
the Council.
In announcing the decision of Council 
in this regard at the 1964 Annual Business 
Meeting, the President, Dr. G. Malcolm 
Brown, pointed out that the objective of 
the proposal was to provide an avenue of 
entry into the College for those who are 
not fully trained clinicians but who play 
an essential role in medical teaching and 
research and whose talents and contribu­
tions might otherwise be lost to the Col­
lege.
6. 1964 REGIONAL MEETING
The 1964 Regional Meeting of the Col­
lege will be held at the Bayshore Inn, 
Vancouver, B.C., October 23 and 24 (Regis­
tration, October 22). Dr. Allan D. McKen-
April 1964 NEWSLETTER 233
zie, Professor and Head of the Department 
of Surgery at the University of British Col­
umbia, has agreed to act as Chairman of 
the Committee on Arrangements for this 
meeting and is already active in organizing 
the scientific program. The meeting is de­
signed primarily for the more than 1800 
Fellows and Certificated Specialists in Area 
1 (British Columbia and Alberta) but may 
be attended by any certificated specialists 
wishing to go.
7. OFFICERS AND MEMBERS OF 
COUNCIL FOR THE TERM 1964-66
Executive Committee 
Dr. W alter C. Mackenzie, Edmonton, 
President
Dr. G. Malcolm Brown, Kingston, Im­
mediate Past President 
Dr. Jacques Turcot, Quebec, Vice Presi­
dent (Surgery)
Dr. Ronald V. Christie, Montreal, Vice 
President (Medicine)
Dr. R. C. Dickson, Halifax, Member At 
Large
Dr. K. T. MacF arlane, Montreal, Honor­
ary Treasurer
Dr. James H. Graham, Ottawa, Secretary 
Dr. W. Gordon Beattie, Ottawa, Honor­
ary Assistant Secretary
Members of Council
Division of Medicine
Dr. Ronald V. Christie, Montreal 
Dr. Robert C. Dickson, Halifax 
Dr. Jacques Genest, Montreal 
Dr . John P. Gemmell, Winnipeg 
Dr. W illiam  M. Goldberg, Hamilton 
Dr. Jean Grandbois, Quebec 
Dr. James H. B. Hilton, Ottawa 
Dr. Robert B. Kerr, Vancouver 
Dr. Donald F. Moore, Saskatoon 
Dr. Ian E. Rusted, St. John’s 
Dr. K. J. R. W ightman, Toronto 
Dr. Donald R. W ilson, Edmonton
Division of Surgery 
Dr. F rederick E. Bryans, Vancouver 
Dr. Clayton H. Crosby, Regina 
Dr. Charles G. Drake, London 
Dr. Colin C. F erguson, Winnipeg 
Dr. E douard D. Gagnon, Montreal 
Dr. F raser N. Gurd, Montreal 
Dr. F rederick G. Kergin, Toronto 
Dr. Robert C. Laird, Toronto 
Dr. W. Douglas Miller, Saint John 
Dr. W alter C. Mackenzie, Edmonton 
Dr. E dwin F . Ross, Halifax 
Dr. Jacques T urcot, Quebec
W. Gordon Beattie, F.R .C .S .JC ], 
Honorary Assistant Secretary, 
March 5, 1964.
B o o ks  R e c e i  v ed
Books are acknowledged as received, but 
in some cases reviews will also be made 
in later issues.
Anatomie Pathologique, Gynecologique et Ob- 
stetricale. Correlations anatomo-cliniques. Claude 
Compel. Avec la collaboration de Paul Wilkin. 736 
pp. Must. Librairie Maloine S.A., 27, rue de 
l’Ecole de Medecine, Paris Vie, 1963. 160 NF. 
$32.00 (approx.).
Anatomy for the Anesthesiologist. A Stereoscop­
ic Atlas. William H. L. Domette. 389 pp. Illust. 
Charles C Thomas, Springfield, 111.; The Ryerson 
Press, Toronto, 1963. $15.00.
Atlas of Plastic Surgery. 2nd ed. M. I. Berson. 
336 pp. Illust. Grune & Stratton, New York; The 
Ryerson Press, Toronto, 1963. $27.50.
Foetal and Neonatal Pathology. 2nd ed. J. Ed­
gar Morison. 538 pp. Illust. Butterworth & Co. 
(Canada) Ltd., Toronto, 1963. $22.50.
Greenfield’s Neuropathology. 2nd ed. W. Black­
wood, W. H. McMenemey, A. Meyer, R. M. Nor­
man and Dorothy S. Russell. 679 pp. Illust. 
Edward Arnold (Publishers) Ltd., London; The 
Macmillan Company of Canada Limited, Toronto, 
1963. $19.00.
Handbook of Histopathological Techniques. 2nd
ed. C. F. A. Culling. 579 pp. Illust. Butterworth 
& Co. (Canada) Ltd., Toronto, 1963. $14.75.
Manual of Surgical Technique. Warner F. 
Bowers, Thomas H. Hewlett and George J. 
Thomas. 317 pp. Illust. Charles C  Thomas, 
Springfield, 111.; The Ryerson Press, Toronto, 
1963. $16.75.
Modern Trends in Immunology—1. Edited by 
Robert Cruickshank. 263 pp. Illust. Butterworth 
& Co. (Canada) Ltd., Toronto, 1963. $14.75.
The Oesophagus. Geoffrey Flavell. 168 pp. 
Illust. Butterworth & Co. (Canada) Ltd., Toronto, 
1963. $12.50.
(Continued on page 236)
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HERNIA. Amos R. Koontz. 227 pp. Illust. Apple-
ton-Century-Crofts, New York, 1963. $11.95.
This is a very well presented small volume on 
hernias. Dr. Koontz in his long association 
with the Johns Hopkins Hospital has a broad 
and extensive knowledge of hernias, Which is 
reflected in the concise and comprehensive 
style in which this book is set out.
After a short resume of the historical aspects 
and general considerations of hernia surgery, 
each major hernia is considered separately. 
There is a brief discussion on the embryology 
and symptomatology before the definitive 
steps in repair are set out. The author does 
not discuss all the methods of repair, but does 
describe very clearly those that he has found 
to be most acceptable and useful. The steps 
in repair are accompanied by a large number 
of clear and instructive drawings, which clear­
ly explain the procedure. Although the main 
emphasis is placed on the more common her­
nias, there is an adequate discussion of the 
rarer types, including internal hernias.
This is the most useful reference book to 
anyone aspiring to surgery and will be con­
sidered a must for the postgraduate surgical 
resident.
RADIATION AND RADIOMIMETIC CHEMI­
CALS. L. A. Elson. Cancer Monograph Series.
Consultant Editor: R. W. Raven. 124 pp. Illust.
Butterworth & Co. (Canada) Ltd., Toronto,
1963. $5.75.
This book is concerned essentially with the 
basic biochemistry and physiology of the radio- 
mimetic chemicals and compares these with 
the effects of radiation.
The body weight-reducing effects, the anti­
tumour effects and the hematological effects 
(patterns of blood-cell response) are the par­
ameters used to compare radiation effects with 
those of the radiomimetic chemicals. It was 
noted that the animals lost weight after treat­
ment with either radiation or the radiomim­
etic chemicals. The author suggests the reason 
in both cases is that the treatment prevents 
the utilization of amino acids for protein syn­
thesis and growth, while their utilization for 
energy metabolism is unaffected. One chapter 
is devoted to the anti-tumour effect of both 
radiation and the radiomimetic chemicals 
studied in the Walker-256 tumour model. Un­
fortunately this tumour model is very sensi­
tive and no conclusions of clinical significance 
can be drawn. The major portion of this book 
is concerned with the hematological effect in 
rats, of radiation and the two radiomimetic 
chemicals busulphan (Myleran) and chloram­
bucil. Many line graphs demonstrating the 
blood pattern response to the different types 
of treatment are included. Unfortunately the 
author has included very little human data.
The last chapter is an enlightening intro­
duction into the fascinating field of the use 
of chemicals in protection from the toxic 
effects of radiation and radiomimetic chemi­
cals. This book will be of benefit to the ex­
perimental radiobiologist and biochemist inter­
ested in this field.
DISEASES OF THE EAR. Stuart R. Mawson. 
560 pp. Illust. Edward Arnold (Publishers) Ltd., 
London; The Macmillan Company of Canada 
Limited, Toronto, 1963. $18.00.
A careful study of this book will provide the 
practitioner, the medical student and, more 
particularly, the young otolaryngology resident 
with detailed discussion of the present views 
on diseases of the ear. With simple, clearly 
penned illustrations by Harold Ludman, spe­
cific material is presented without distraction, 
and in an extremely lucid form that will pro­
vide a guide in the present concepts of otol­
ogy even for the well-versed ear specialist.
Embryology, anatomy and physiology have 
been brought under a new light in the last 
few years with the great upsurge in research 
and surgery for hearing, chronic ear infec­
tions and the late sequelae. These principles 
are well and clearly outlined in this volume— 
a library “must” to the modern otologist.
THE CHEMISTRY OF TRAUMA. Jonathan E. 
Rhoads and John M. Howard. With a chapter 
by Peter J. Jannetta. 191 pp. Illust. Charles C 
Thomas, Springfield, 111.; The Ryerson Press, 
Toronto, 1963. $8.90.
This is an excellent monograph of 190 pages 
on the biochemical effects of trauma. It is 
divided into two parts; the first deals with the 
changes in the body due to burns, and the 
second with the effects of mechanical trauma.
The effect of burns on the water and elec­
trolyte composition is clearly and succinctly 
dealt with. The anemia associated with burns 
is well discussed and the problem of nutrition 
and nitrogen balance is well handled.
In part two, the nature of wound healing 
is discussed in an interesting manner. The 
effect of trauma on the adrenal glands, fluid 
and electrolyte balance, on protein, carbohy­
drate and fat metabolism is outlined. The re­
sults of injury on the function of the kidnevs, 
bowel, liver and thyroid are presented. The 
whole book is very well printed on good 
paper with large type and clear charts. The 
text is excellently written and verv easy to 
follow.
All students, teachers and general surgeons 
should read this book in order to be brought 
up to date on modern surgical aspects of the 
biochemistry of trauma.
(Continued on page 236)
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These 3200 reports 
tell a story unique 
among anesthetics
Pentothal is more than 25 years old, yet 
it continues to  make news. Dozens of new 
clinical papers appear each year. To date, 
more than 3200 world reports on Pentothal 
have been published. It has become the 
w orld ’s most widely used intravenous anes­
thetic, an agent of choice in over 75 coun­
tries.
W hat makes Pentothal such a lively 
subject of interest?
Some of the reasons are easy to  see. 
The short, smooth induction period. The 
quick response, with m om ent-to-m om ent 
control. The predictability. The m inim um 
of agent to  be detoxified—with rapid, un­
complicated recovery. The relative safety. 
The convenience of adm inistration.
Less easily seen are the exacting tech­
niques fo r Pentothal manufacture and 
quality control. These are a culm ination 
of A bbott's  quarter-century experience in 
making Pentothal safe fo r human use.
Have you the clin ical inform ation you 
require? W e’ll be glad to  send you our 
Physician’s Guide to C lin ical Use of 
Pentothal. Jus t write to Professional Serv­
ices, A bbo tt Laboratories Limited, P.O. 
Box 6150, Montreal.
®P E N T O T H A L  S o d i u m
(Thiopental Sodium, Abbott)
A B B O T T  L A B O R A T O R I E S  L I M I T E D
M ontrea l • T o ro n to  • W in n ip e g  • V a n cou ve r
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INDICATIONS FOR OPEN-HEART SURGERY.Risks and Results. Dryden P. Morse. 213 pp.Charles C Thomas, Springfield, 111.; The Ryer-son Press, Toronto, 1963. $9.50.
This excellent monograph will be of great practical value to practitioners or pediatri­cians in the assessment of the present posi­tion in relation to the open-heart surgical treatment of cardiac disease. Rapid change and progress have taken place in this surgi­cal specialty so that some of the types of operation quoted in this book as standard practice have already gone out of fashion or have been superseded. This is inevitable, but it is useful to have a book which gives an honest appraisal of what the surgeon can and cannot do for cardiac patients at this time, and of the risks involved.All the essential cardiac lesions amenable to surgery are dealt with and the text is short and easy to read. This monograph is highly recommended and the author has achieved what he set out to do by giving the physician an insight into all the facts to be considered before advising the patient that he be seen by a cardiac surgeon.
TUMORS OF THE CHEST. Thomas J. Kin-sella. 145 pp. Must. Charles C Thomas, Spring-field, 111.; The Ryerson Press, Toronto, 1963.$11.30.
“Tumors of the Chest” encompasses in a thin volume what is obviously a vast experi­ence of thoracic neoplasms. Tumours of the chest wall, pleura, bronchi, lungs, mediastinum and heart are presented in a well-arranged fashion with useful classifications at the be­ginning of each section. The book is profusely illustrated with excellent radiographic repro­ductions and occasional clinical and patholog­ical photographs. The text describes the path­ological entities, the clinical manifestations and investigation, and treatment. In such a mono­graph the text is necessarily brief and the techniques of investigation and treatment are largely reduced to generalities. In many ways the book is an atlas rather than a textbook. Although the text in many places seems sec­ondary to the fine collection of radiographs, it presents a concise and accurate summary of thoracic neoplasms. The book is well made, with clear type on good quality paper. The bibliography, while not extensive, is reason­ably complete.This book is not suitable as a reference text for the thoracic surgeon or for anyone who wishes to probe deeply into the field of neo­plasms of the chest. Its concise presentation, however, and its numerous illustrations would make it an asset not only in the chest sur­geon’s library, but also in the libraries of the radiologist, general surgeon and physician.
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Review of Physiological Chemistry. 9th ed. Harold A. Harper. 437 pp. Illust. Lange Medical Publications, Los Altos, Calif., 1963. $6.00.
Side Effects of Drugs. 4th ed. Edited by L. Meyler. 356 pp. Excerpta Medica Foundation 119-123 Herengracht, Amsterdam. The Nether­lands, 1983.
Textbook of Surgery. 8th ed. Edited by Warren H. Cole and Robert M. Zollinger. 1263 pp. Illust. Appleton-Century-Crofts, New York, 1963. $18.95.
Traumatismes Arteriels. Roger Mosimann. 96 pp. Illust. Schwabe & Co., Editeurs, Basel; In­tercontinental Medical Book Corporation, New York, 1963. $3.00 (approx.).
Vaginal Hysterectomy. Indications, Technique, and Complications. 2nd ed. Iaman A. Gray. 228 pp. Illust. Charles C Thomas, Springfield, 111.; The Ryerson Press, Toronto, 1963. $11.90.
Vascular Allergy and Its Systemic Manifesta­tions. Joseph Harkavy. 304 pp. Butterworth & Co. (Canada) Ltd., Toronto, 1963. $12.00.
Wiederherstellende und Plastische Chirurgie.Ein Atlas-Manual fur die Praxis. Band II. Rumpf —Urogenitale und rektoanale Region. Heinz Gelbke. 230 pp. Illust. Georg Tfiieme Verlag, Stuttgart, W. Germany; Intercontinental Medical Book Corporation, New York. 1963. DM. 96.—. $26.00 (approx.).
A 
R 
T 
I
F
I
C 
I
A 
L
L
I
M 
B
S
J. E. HANGER OF CANADA Limited
Head Office established 1861 
38 Cam den Street, TORONTO  
Phone EM. 4-5797
